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FOREWORD 


liis is one of a group of handbooks covering 
the engineering information and quantitative 
data needed in the design and construction of 
ordnance equipmen‘., which (as a group) con- 
stitutes the Ordnance Engineerinz Design Hand- 
book Series. 

Tke three handbooks comprising “Elements 
of Armament Engineering” were produced from 
text material prepared for use at the United 
States Military Academy. They are published 
as yart of the Handbook Series to nake generally 
available the wealth of fundamental information 
contained in the text material, which is of value 
to those concerned with ordnance design, par- 
ticularly te now engineers and to contractors’ 
personnel. Publication of this n.aterial in its 
existing form avoids the necessity of extending 


the scope of 2 number of proposed handbooks 
to include the information. For further infor- 
mation ard more complete lists of veferences the 
reader is referred to other appropriate hand- 
books within the Series. 

Arrangement for publication of the handbooks 
comprising “Elements of Armament Engineer- 
ing” was made under the direction of the 
Ordnance Engineering Handbook Office, Duke 
University, under contract to the Office of Ord- 
nance Research. The copy was prepared by the 
McGraw-Hili Book Company, under subcontract 
to the Ordnance Engineering Handbook Office. 

Comments on, and requests for copies of, this 
Handbook should be addressed to Commanding 
Officer, Office of Ordnance Research, U.S. Army, 
Box Cif, Duke Station, Durham, N.C. 
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Sy hits text.has been prepared to meet a specific 
requir*ment ‘as a reference for instruction in 
“Elemets of Armament Engineering,” a one- 
semester course in applied engineering analysis 
conducted by the Department of Ordnance at 
the United States Military.Academy, for mem- 
bers of the First (Senior}-Glass. Iitrepresents the 
application of military, scientiic, and engineer- 
ing fundamentals to the analysis, design and op- 
eration of weapons systems, including nuclear 
components. It is not intended to fully orient 
or familiarize the student in weapons employ- 
ment or nomenclature. . , 

Of necessity, the large volume of classified 
data used in presentation of this course has been 
omitted; hence the text is intended to serve as a 
point of departure for classroom discussions. The 
text is revised annually by instructors of the 
Department of Ordnance in an effort to assure 
that subject presentation will keep pace with 


development and changes in the field of wea- 
pons design. 

References cited are those available to the 
student as the result of study in previous courses 
at the United States Military Academy. Advanced 
references are available at the Department of 
Ordnance Reference Room. 


Centributing authors for 1958-59 revision are: 


Maj. W. E. Rafert, Ord Corps, Asst. Professor 


Capt. A. W. Jank, Ord Corps, , Instructor 
Capt. C. M. Jaco, |r., Ord Corps, Instructor 
Capt. J. M. Cragin, Ord Corps, Instructor 
Capt. G. K. Patterson, USAF, Instructor 


JOHN LV. BILLINGSLEY 
Colonel, U. S. Army 
Professor of Ordnance 

August 1958 
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PREFACE 


History will reveal that the greatest advances in science have occurred during periods of major 
world conflicts. In this regard, World War I! was no different from the wars which preceded it. 
Consider a few of the major technological advances that were made between 1940 and 1945; the 
creating and harnessing of nuclear energy; the introduction of thermal jet propulsion; the development 
of ground, shipboard, and airborne radar systems and of complex computing equipment; and the 
development of rockets and rocket-propelled short and intermediate range guided and unguided 
missiles. Unlike past examples in history, however, the engineering effort associated with this war did 
not stop with the end of hostilities. The continuation of the cold war has kept the urgency of discovery 
and the requirement to maintain technical leadership alive. The fact remains that we are right now 
in the throes of the greatest major engineering effort that the world has ever kr:own. The engineering 
effort of today differs in two ways from the customary engineering practices found prior to World 
War II: in the very large size of the projects, and in the tremendous scope of the undertakings. It is 
in the second of these areas that the systems engineering concept might be said to have been born. 
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ChAPTER 1 
INTRODUCTION TO SYSTEMS ENGINEERING 


1-1 INTRODUCTION 


Systems engineering, or, of more particular 
appiication to the military, weapons systems 
engineering, meaus the successful creation, with 
the minimum expenditure of tine, of a complete 
system in which the interrelationship of all com- 
ponents of the system and of all conditions which 
raight influence the systeni are considered in 
proper perspective. (In its simplest terms systerrs 
design is the desigy of an integrated system 
rather than putting together a collection of in- 
dependently ‘esigned components.) The prob- 
lems generated by each new: design are in them- 
selves put into proper perspective and solved in 
terms of their ultimate effect on the program. 
This is but the application of common sense to 
the problem of overall design. The practical and 
obvious solutions are not always the simplest and 
easiest to achieve. This point can be shown by 
referring to the manufacture of the relatively 
uncomplicated bombers of World War II. In 
these programs it was not uncommon to find 
that an airframe which had been manufactured 
to meet all requirements imposed on it by the 
Army Air Force, could not accommodate the 
navigational and bombing equipment designed 
by another company. In both cases the require- 
ment of manufacture of the individual items had 


been met by both manufacturers. However, in 
the marrying of the components, the end product 
was not always acceptable. The systems engineer- 
ing concept minimizes the possibility of the 
occurrence of such undesirable situations. 

This example illustrates the requirement of 
manufacture of round pegs fer round holes. The 
weapons of the armed forces, however, must, as 
systems becciie even more complicated end 
sophisticated, take on a much more complex 
pattern. In the development of new weapons, 
it becomes impossible for one individual or even 
a siugle organization to specialize in al! the 
engineering areas required for the development 
of an integrated weapon system; hence, groups 
of scientists and engineers must work together 
as a team, combining all knowledge and ex- 
perience in the fields of aerodynamics, ballistics, 
propulsion, guidance and control, and electronics, 
in an effort to develop a single weapon. The 
weapon system developed by the techniques of 
systems engineering, must be integrated with 
testing and check out equipment, with ground 
launching, handling and guidance equipment, 
and fitted to the needs of its human operator and 
its environment. 


1-2 WEAPONS SYSTEMS REQUIREMENTS 


To initiate the development of a new weapon 
system, the military services first develop state- 
ments of military requirements. These statements 
indicate the specific need for the new weapon 
system on the basis of the anticipated military 
situatior. and enemy capabilities at the time that 
it is anticipated the system will be active. They 
attempt to anticipate technological advancements 
that might.be expected during the development 
period. The military requirements also state the 
use to which the system is to be put and define 
the desired military characteristics. 

The thought that must go into the preparation 


1-1 


of a set of military requirements is comprehen- 


sive. The requirement must be based on, but is - 


by no means limited to, a careful analysis of 
known and estimated enemy capabilities; the 
analysis of conclusions obtained from actual com- 
bat and combat exercises; the present inventory 
of in-service weapons and their capabilities; the 
proposed characteristics of sister weanons under 
development; recommendations of field com- 
manders; and the detailed evaluation of the 
technical progress and potential of industry. 
These are but a few of the many factors con- 
sidered in formulating the military requirement. 
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WEAPON SYSTEMS AND COMPONENTS 





1-3 MILITARY CHARACTERISTICS 


The remainder of this chapter will be focused 
on the selection of missile characteristics to meet 


1-3.1 AIRFRAME 


(a) Range, speed and maneuverability. 

(b) Ballistic or aerodynamic type trajectories 
(or a combination of each). 

(c) Length and diameter requirements. 

(d) Weight requirements. 

(e) Consideration of aerodynamic stability, 
aerodynamic coutrol, launch peculiarities, aero- 
dynamic heating, flutter, aerodynamic loads, 
fluid flow, etc. 


1-3.2 PROPULSION SYSTEM 


(a) Selection of propulsion unit. 

(b) Range, speed, and altitude operating 
conditions. 
_ (c) Fuel characteristics, I,,, etc. 

(d) Materiel requirements. 

(e) Thrust requirements. 


1-3.3 GUIDANCE SYSTEM 


(a) Selection of basic system. 

(b) Accuracy requirements. 

(c) Weight and dimensional limitations. 
(d) Characteristics of individual components. 


1-3.4 WARHEAD 


(a) Size and weight. 

(b) Desired effect. 

(c) Yield. 

(d) Altitude limits between which weapon is 
to he effective. 


1-3.5  RELIASILITY 


(a) Reliability of each component of the main 
system. In this area it must be remembered that 
the overall reliability of the system is the product 
of the reliability of the individuai components 
making up the system. 

(b) Performance of servicing crews. 

(c) Reliability of the ground handling system. 

(d) Availability of logistical support. 


the specific requirements of a system. A missile 
system’s general characteristics might include: 


(e) Hit probability. 

(f) Reliability of fuzing system, and several 
other factors which characterize the particular 
system. 

The following sample military requirements 
are typical of some which might be used to 
initiate work on a particular weapons system. 
From these requirements specific military charac- 
teristics would be prepared for each system. 


1-3.6 SAMPLE MILITARY REQUIREMENTS 


(a) To develop a system that is capable of 
85 percent probability of kill of low flying aircraft 
(1000 yd to 17,280 yd range) at aircraft speeds 
up tv Mach 2 and at altitudes of from fifty feet 
to thirty thousand feet. 

(b) To develop a system capable of delivery 
of a warhead having a blast effectiveness against 
a six foot reinforced concrete emplacement at 
ranges of from six hundred to fifteen thcusand 
yards and having a CEP of ten yards. 

(c) To develop a strategic system that is 
capable of allowing the delivery of a nuclear 
warhead of no less than 1-MT to a range of 
5000 nautical miles and with a CEP of no more 
than a mile. The system to be operational within 
four years from the date of negotiation of the 
contract. 

(d) To develop a system that will be capable 
of allowing reconnaissance of an aggressor na- 
tion’s homeland. The system to be observer- 
manned and possess a radius of operation of 
twelve thousand miles. Total time of flight to 
be no greater than four hours. 

The final performance of the system will be 
measured in terms of probability of kill or proba- 
bility of inflicting the required level of damage 
against a particular target. In terms of this evalua- 
tion, the factors which typify the performance of 
the selected system must be considered in great 
detail. (The reader may well review the discus- 
sion of overall kill probability and related factors 
which were presented in Chapter 6 [Part 2) of 
this text.) 
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1-4 SUMMARY 


The major requirement today in the develop- 
ment of new weapons systems is to assure that 
the United States is the first to possess in opera- 
tional status the latest types and largest numbers 
of offensive weapons. The ballistic missile race 


is a case in point. The successful completion 
of these projects requires an extremely well 
integrated program. The systems engineering 
concept provides a better system than has been 
used in past years to meet this requirement. 
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CHAPTER 2 
CONTROL SYSTEMS 


A control system controls a source of power 
The input to the system is a command which 
causes the power to vary within the system. 
resulting in an output dependent upon the input. 
The output could be the position of » gun turret, 
the pitch attitude of a missile, or even the 
temperature of a room. The input is a small 
signal which must be amplified by the control 
system so as to influence the output. 

An open loop control system (Figure 2-1) can 
be depicted as an amplifier and motor attempt- 
ing to position a large, heavy wheel. One turn 


2-2 CLOSED 


An open ended system, as discussed above, can 
be improved by the addition of a feedback loop 
and an error detecting device called a differential. 
The feedback Icon sends the magnitude of the 
output 6,, back to the differential, which com- 
pares the output with the input. If there is a 
discrepancy between the input and output posi- 
tions, an error signal, «, equal to their difference, 
3, — 0, = «, continues to keep the system in 
motion until 6, = 6, (e = 0). This type of system 
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of the handcrank (input) should result in one 
turn of the wheel (output). But, after the wheel 
has rotated to its new position, there is no 
guarantee that the output will equal the input 
position. An open loop system cannot correct 
for natural imperfections in the linkages, gears, 
and motors. Such a control system is evidently 
too inaccurate for precision control requirements. 
The remainder of this chapter will discuss closed 
loop control systems which are capable of 
self-correction, and are, therefore, inherently 
accurate. 
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Fig. 2-1 
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is the most basic type of servomechanism and is 
called a position control servo. 


It follows from Figure 2-2 that a servo- 
mechanism may be defined as a combination 
of elements for the control of a source of power 
in which the output of the system or some func- 
tion of the output is fed back for comparison 
with the input, and the difference betweci these 
quantities is used in controlling the power. 












Load 
Friction 
and 
Inertia 







- Input angular displacement 
- Output angular displacement 


Schematic of an open loop contro! system. 


a 


| 














ca 





0 Se LE ee Ne es ee ae ES ee re ee Rp LAY aa ae es 


BH Tg fa ee eee eS Ne ee a a a aS 


fe: 


a ner EN | en EERE NAS A EN A A en nN MH 


| 
| 
| 
| 


pa a a Sates te I, ee a 


cornet er aiehemtaet imei) maddie tthe sagesetian cee aE 


WEAPON SYSTEMS AND COMPONENTS 





Power 









. : Load 
6; 6, - 0 = 8 Amplifier Friction (F) 
+ and and 
= Motor (K) Inertia (J) 

















6, (Feedback) 


Fig. 2-2 Schematic of a clesed loop control system. 


In a closed loop system (servomechanisia) if 
the output is not behaving properly by following 
6, the physical system senses this at the input 
end and reacts by driving the output, ,, toward 
agreement with the input, 6,. This advantage, 
of course, is not obtained without a price. Unless 


the system is properly designed with the el::ments 
correctly calibrated, the response tiie !ag of the 
output may be excessive; the system may have 
excessive oscillations in the output; or the system 
may not even be stable (i.e., the output response 
may diverge and never approach the input). 


2-3 ELEMENTS OF SERVOMECHANISMS 


A servomechanism in its simplest form requires 
five asic elements: 

(a) Input: The driving signal which initially 
activates the system, here considered as an 
angular position, with the designation 6, The 
input is considered as an angular position because 
many servomechanisms are used in conjunction 
with shaft rotation devices or aerodynamic con- 
trol surface deflections. (This does not preclude 
servocontrol of variables other than angular 
position. ) 

(b) Differential: Error detecting device which 
mechanically or electrically subtracts the out- 
put from the input and determines the magni- 
tude and direction of the error signal, «, where 
«= 6 — 4, 


(c) Controller: Power amplifier and servo 
motor combination. The controller acts upon the 
error signal, «, from the differential, driving and 
positioning the output. The magnitude of the 
amplification will be K, therefore the error signal, 
€, goes into the controller, and Ke, a torque, 
which may move a load, comes out. 

(d) Output: Load or mechanism which is 
positioned to correspond to a given input. Its 
motion will also be considered to be an angular 
displacement, designated as 9,. 

(e) Feedback: The process (and component) 
which detects the actual amount of output dis- 
placement and sends a signal proportional to 
this amount back to the differential for compari- 
son with the input. Feedback may be accom- 
plished either mechanically or electrically. 


2-4 SYSTEM ANALYSIS 


The standard approach to servo theory is 
through mathematical analysis. This involves 
developing the equatio: which describes the 
system in terms of input and output, and then 


2-2 


solving the equation for given inputs tc deter- 
mine the response. A typical input signal might 
be a step function, ramp function, sinusoidal 
function, or pulse function. The equation of a 
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system is obtained by equating the accelerating 
forces (or torques) to the decelerating forces (or 
torques) that act on the system (Figure 2-?). 

(a) Accelerating torque. The only accelerat- 
ing torque in this system is Ke, the torque 
produced by the controller. 

(b) Decelerating torque. 

(1) Inertia torque: The load has mass and 
hence acts to retard the response of the output. 
It is proportional to the acceleration of the output 
and designated J6, where J is moment of inertia 
of the load, and 


ay 
dt? 


(2) Friction torque: The viscous friccion 
proportional to output velocity. It is due to 


6 = 





or 
JO. + Fb) + KO, = KO; (2-2) 


E,uation (2-2) is the general equation of 
motion of a position contro! servo. The equation 
re‘ates the output acceleration, velocity, and 
position to the input position. Note that this is 
mathematically the equation encountered in 
electricity which describes the behavior of a 
circuit containing inductance. ;xesistance, and 
capacitance. It is also the equation describing 
the motion of a imass, damper, and spring in 
mechanics. The only difference is in the inter- 
pretation of the symbols. 

In order to state (2-2) in even more general 
terms, the following definitions will be intro- 
duced: 


friction between lubricated surfaces such as — 

gears and bearings. As wili be seen, a certain , = ApS (2-3) 
amount of this retarding force may 4e desirable J 

and certain devices such as fluid dashpots are 

sometimes introduced into the system to improve es ae (2-4) 
response. The turque due to viscous friction, 2/KI 


whether inherent or added, is designated F6, 
where F is the friction torque p- : unit speed, and 


The term o, in (2-3) is defined as the un- 
damped natural frequency. It is the resonant 


8, frequency in radians per second at which a 
i> a frictionless system will osciilate. 


Equating the abov2 accelerating torque to the 
decelerating torques produces the equation of 
motion, in terms of the error signal «, and the 
output, ,. This is a second order linear differen- 
tial equation with constant coefficients of the 
form: 


The term { (zeta) in (2-4) is defined as the 
damping ratio. It is a dimensionless constant 
which indicates the relative amount of damping, 
or viscous friction, in a system. 

By substituting ¢ and w, for the constant co- 
effivients of (2-2), a completely general equaticn 
of motion of any second-order linear system is 
obtair.ed. 


Ke = J0o + Fb, (2-1) 
But 
1. ‘ 
& = 6; — % + i+ 540-6, (2-5) 
so ea ze 


J) + F 8) = K(8; — 8) 


The proof of this substitution is left as an exercise. 


2-5 RESPONSE TO A STEP INPUT 


A step input is defined as an instantaneous 
jump to a new and cor ‘tant position. Fo. ex- 
ample, an instantaneous rotation of the input 
shaft in Figure 2-2 through 90° would be a step 
input of angular position. Figure 2-3 illustrates 
a general ster input plotted against time. 
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a 


O() = 9 fav tc0 
a(t) = A for t>o 


Fig. 2-3 Step function. 
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For a step input of 6, = A, the servo will drive 
the output until 8, = 6, = A, or in other words, 
until there is no steady state error. However, 
before arriving at the steady value, A, the output 
must first experience a transient or intermediate 
response since no physical system is capable of 
an instantaneous jump through space. This 
transient response may take one of several forms, 
depending primarily on the magnitude of ¢, the 
damping ratio 

(a} ¢ < 1: The output is underdamped and 
will oscillate one or more times about the steady 
position A. 

(b) ¢ = 1: The output is critically damped 
and will curve smoothly into A on an exponential 
path. 

(c) { > 1: The output is overdamped and 
will curve more siowly, but still smoothly, into A. 

(d) ¢ = 0: The output is undamped and will 
oscillate on a sine wave at a frequency, »w,. 

(e) ¢ < 0: The system is negatively damped, 
is unstable, and will ultimately destroy itself in 
ever increasing wild gyrations. 

From the preceding list, the advantage of 
rewriting the equation of motion in the form .of 
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(2-5) is clear. A qualitative analysis of the system 
may be quickly made without resorting to a 
rigorous solution of the differentia] equation. A 
quantitative analysis requires either a mathe- 
matical solution or a graphical solution with the 
aid of an analog computer. In Figure 2-4 re- 
sponses to step inputs are shown for each of the 
ranges of the damping ratio described above. 
The analog computer solution is the subject of 
the next chapter. 


6 rl 





Fig. 2-4 Responses to step inpui, 0, = A. 


2-6 RESPONSE TO A RAMP INPUT 


Another type of input which is perhaps even 
more frequently encountered is the ramp input; 
that is, one which varies with time at a constant 
rate. This could be represented by a man turning 
a handwheel at a constant angular speed, »o,. 
Figure 2-5 illustrates a general ramp input 
plotted against time. | 

For a ramp input of 6, = wt, the servo will 
attempt to drive the output until 6, = 9, but, due 
to the inherent inertia of the system, the output 
can never quite catch up to the input. After the 
transient effect has died out a steady state error, 
or time lag, will remain and the output will follow 
along behind the input. 

In order to determine just .vhat amount of 
lag will be present, it will be necessary to solve 
for the steady state response. The equation of 
motion is first rewritten in terms of operator (p) 
notation, as follows. 





day: 
Let =— = 6, 
pA il 0 


_ d*8 or 
pO, = We = 
then 
4 vet 8 10. + 0 = 8 (2-6) 
6; 





TED ff 
Fig. 2-5 Ramp function. 
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or 
2 Oo = (1-2 = 2g 2») wd 
i ss 1 = 0; 2-7 

(4 f Pi ‘ )é ° ey) (p*w¢ and higher terms are zero) 

Solving (2-7) for 69: OF 
Se eh. eae ( E 2) : 
0 = Tat ae i (2-8) ms “ On _ bs Wn @ 10) 
ot Ent 


By he division the right side of (2-8) may be 
converted to an infinite nower series in p. 


w= (1- +H} p+...)6 (2-9) 


Applying (2-9) to the ramp input, 0, = of, the 
steady state output becomes, 


The output will then lag behind the input by 
> seconds in time, or % w, radians in position. 
Equation (2-10) faliatns that a system with 
zero damping ({ = 0) will have no lag, but such 
a system will oscillate indefinitely and so is not 
practical. In Figure 2-8 responses to ramp 
inputs are shown, again for each of the ranges 
of the damping ratio. 


2-7 METHODS OF IMPROVING SYSTEM RESPONSE 


The basic servomechanism uses a control 
signal which is proportional to the difference of 
the input and output signals. This type of servo 
is commonly called a position servo, since it 
compares only the positions of the input and 
output. 

In an analysis, the most descriptive parameter 
was tound to be 





a/IK 
As ¢ increases, the response becomes more 
sluggisis and less oscillatory. An optimum servo 
control system shduld have a very rapid speed of 
response, and very little oscillation, or hunting. 
In practice, it has been found that ¢ should 


2-7.1 DERIVATIVE FREDBACK 
In this scheme we feed back not only the 


generally lie in the range of 0.3 to 1.0. 

The system moment of inertia J, is usually 
fixed, which leaves F and K as variables. De- 
creasing K, the controller gain, reduces the 
available output torque Ks, used to drive the 
system, so K should be as large as possible. The 
viscous friction, F, is usually a rather small 
quantity in a well designed system, since losses 
due to friction are not desirable. A small F and 
a large K indicate that ¢ will be a small quantity, 
ie, the system will be highly oscillatcry, and 
there is apparently nothing that can be done 
about it. However, there are techniques available 
which add artificial damping; two of these 
methods will now be described. 


eqiuition of motion of the derivative feedback 
servo becomes: 


output position, but also the output velocity Ibo + (F + KCa) 6, + KO, = KO, (2-1) 
multiplied by a suitable constant, so that we = so that now 

have position plus velocity control. The velocity P+ KC 

is obtained by taking the first time derivative of = WE’ 


the output, hence, the name derivative feedback. 
Using the technique developed for (2-2), the 
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and the damping ratio has been effectively 
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Fig. 2-6 Responses to ramp input, 6, = uf. ( ) 
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fig. 2-7 Derivctive feedback servo. 
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Fig. 2-8 Error-rate control servo. 


increased -vithout dissijating additional energy 
through friction. Using derivative feedback it 
is theoretically possible to operate a system with 
zero friction (£) and still maintain sufficient 
damping for proper control. 


2-7.2 ERROR-RATE CONTRO! 


In this scheme the output position is fed back, 
as in position control, but the error signal pro- 
dueed is differentiated to produce an error- 
rate signal. The input to the controiler is the 
sum of the error signal and the error-rate signa! 


The equation of motion of this device is: ° 


J. + (F + KC,) 6) + Kéo = KC, 6; + KO; 
(2-12) 
so that now 


_F+kKC, 
2VIK- 
and again the damping ratio has been effectively 
increased. 
2-7.3 INTEGRAL CONTROL 


The improvement in response with the use of 


derivatives next leads to an investigation of re- 
sponse with the use of integrals. As in error- 
rate control, output position is fed back to obtain 
an error signal, then position error plus the inte- 
gral of error is used as an input to the controller. 


The equation of motion of this system is, 


J6, + FO + KO, + KC, { Ocdt 
= K9; + KC, J 6,dé (2-13) 


Differentiating once, 


J'6y + FO. + K0, + KC A, 
« K6,+ KC; (2-14) 
This equation now represents a third order 
differential equation, for which { and », can no 
longer be defined. A mathematical solution and 
a computer analysis will show that the transient 
response of this system becomes increasingly 
oscillatory as the integtal constant C,, is in- 
creased. Ultimately, for large values of C,, the 
system becomes completely unstable. 
The steady-state solution, however, can feadily 
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Fig. 2-9 Integral control servo. 


be determined by use of ic operator-division 
process outlined in Par. 2-7. The result is (2-15). 


F ; 
na (1- 2 pt...) 6; (2-15) 


The surprising conclusion drawn from (2-15) 
is that for ramr inputs, as well as for step inputs, 
there will be no steady state error, i.e., no lag in 
the response. This removal of lag is, therefore, 


2-8 SUMMARY 


The necessary ingredients for a servomechan- 
ism are: 

(aj An external power supply which is to be 
controlled. 

(b) A feedback device which provides an er- 
ror signal. 


(c) An amplifier which drives a moior which, 
in turn, sets the output at a desired position. 


Without the feedback device we would have an 
open loop system with its inherent disadvantage 
of inaccuracy. With feedback we have a servo- 
mechanism with greatez accuracy, speed of re- 
sponse, and flexibility. 

A servo can become unstable under certain 
conditions. However, with the addition of com- 
pensating elements, such as integrators or dif- 
ferentiators, stability is restored and overall 
response is vastly improved. The basic servo- 
mechanisms are described in terms of  second- 
order linear differential equations which may be 
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the mest important trait of an integral control 
system. 

If, as often occurs, the addition of integral con- 
trol creates too much oscillation in the system 
output, the further addition of error-rate control 
will provide sufficient artificial damping for stable 
operation. Such multiple, or componnd, control 
systems are, of course, much more complicated 
and are beyond the scope of an introductory 
lesson on servomechanisms. 


Cc 
tied 


easily solved by either classical mathematics or 
modern computing machinery. By varying the 
constants of these equations and observing the 
effect on system response, a ccittrol system de- 
signer is able to build a device which will satisfy 
his requirements. For example, he may want a 
system capable of holding a missile on a pre- 
scribed course; or of maintaining a chemical 
process at a certain ternperature; or of rotating 
a gun turret to a desired heading. For each re- 


quirement a different design problem must be 2 
solved. 
(a) Position control: 
on (1-2o+. da 
a, 


No steady error for step inputs. 


2 seconds !ag for ramp inputs. ( ) 
e. 








(b) Derivative feedback: 


u-[i-(Z+a)o+...]o 


No steady error for step inp'1ts. 

2r 

Ww. 

Artificial damping introduced. 
(c) Error-rate control: 


+ Cy seconds lag for ramp inputs. 


XN 


w=-(1-2p4...\o, 
\ Gs / 
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Ne steady error for step inputs. 
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= seconds lag for ramp inputs. 


Artificial damping introdu.:2d. 
(d) Integral control: 


a= ( ya 


No steady error for step or ramp inputs. 
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CHAPTER 3 
ELECTRONIC COMPUTERS 


3-1 INTRODUCTION 


World War II provided a tremendous stiniulus 
for the expansion of « great many fields of 
science. By no means the least of these was the 
development of electronic computers. This de- 
velopment followed two basic lines: one, the 
logical conversiou. of existing mechanical digital 
computers into their electronic counterpart, and 
the other, the growth of the entirely new elec- 
tronic analog computer. The development of 
modern, complex weapon systems would be vir- 
tually impossible if electronic computers were 


not available. All guided missiles use eithe- 
analog or digital computers for trajectory cal- 
culations. Designers of weapons depend upon 
the speed, accuracy, and economy of computers 
in developing reliable items of equipment. The 
list of possible applications of both analog and 
digital computers grows almost daily and has no 
foreseeable limit. The following sections will 
present the characteristics and applicaticns of 
each, and will conclude with a comparison of 


both. 


3-2 ELECTRONIC ANALOG COMPUTERS 


The electronic analog computer, often called 
the electronic differential analyzer (ENA), is a 
direct outgrowth of the M-9 gun director devel- 
oped during World War II by the Bell Telephone 
Laboratories. In 1947, the circuits developed for 
the M-9 were first applied to an actual laboratory 
computing device. Since that time the analog 
computer has become an essential tcol for dy- 
namic analysis. 

The chief characteristic of the EDA is the fact 
that it uses voltages to represent the variables of 
a problem. The types of problems best suited 
for the EDA are those which involve the sclu- 
tion of simultaneous differential equations, either 
linear or nonlinear, and with either corstant or 
variable coefficients. However, the machine is 
not limited to this range. It can also handle trans- 
cendental (sinX, logX, e*) functions with equal 


3-2.1 THE OPERATIONAL AMPLIFIER 


The basic component, or building block, of any 
electronic anulog computer is the operational 
amplifier, first used in the M-9 gun director. The 
circuit diagram of the amplifier is shown in Fig- 
ure 3-1. 


ce ct eR eS Se Senet ee 


ease. The output of the computer is generally 
a con‘inuous graphical plot of the variables which 
allows the operator to visualize quite easily the 
output of the physical system he is investigating. 
As an example, consider the equation of motion 
of a body with a varying velocity: 


‘ 
x= [ Vdt (3-1) 
0 


To solve this equation on an EDA, the variables 
X and V would be <epresented by voltages. The 
input V, would be electronically integrated, and 
the output X, would be automatically plotted 
graphicaily as a function of time. The graph 
would indicate how the position of the body 
varied with time. 


The operational amplifier is a high gain d c am- 
plifier which uses an input impedance, Z, in 
series, and a feedback impedance, Z, Two as- 
sumpticns are required to analyze the circuit: 
(1) the gain of the amplifier is very large; and 
(2) the grid current into the amplifier from point 
P is negligible. . 
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Fig. 3-1 


The current through Z, is 


, 
. ¢— 
"n= 1 —) 





and the feedback current is 


es é’ 
Z, 
Since the sum of the currents into a point must 

be zero, we obtain: 





a= 


a-@ anw 








-=(0 3-2 
Z, Z, (3-2) 
Let the amplifier gain be — A so that 
e: = —Ae’, (3-3) 
Substituting (3-3) inio (3-2), 
+ | a+ ri 
= 3-4 
Zz, + Z, 0 (3-4) 
“2; ( 2; 1 ) . 
=f = (| Seei4 > 3 
Z, ey AZ; +1+ A e3 (3-5) 
———oy (3-6) 


cw te 1 
—¢, = —! ¢, | ———. 

Zo 6li4 - (1 Z) 

A Zi 

Equation (3-6) is the general relationship be- 
tween the input and output voltages of the am- 
plifier. An extremely useful approximation is 
made using the first assumption, that the gain A 
is very large, or more precisely, that the gain is 





3-2 








Operational amplifier. 


very large compared to the quantity ( 1+ ral . 


Ordinarily the amplifier gain is greater than 
5000, so that (3-6) may be written: 


an Le, (3-7) 


Note that the operational amplifier reverses the 
sign of the input voltage and also provides a 
method of multiplying the input voltage by the 


ratio —/. 
Z, 


3-2.2 SUMMING AND INTEGRATING 
CIRCUITS 


If Z, and Z, are both pure resistances, R, and 
R,, then 


an He (3-8) 


and one is able to multiply by any desired con- 


stant, provided that ¢ + x) is much less 


than A, the amplifier gain. 


If 7, is a resistance, R,, and Z, is a capacitance, 
C,, 





ey = = -—~—— ¢, (3-9) 


_PC, PRC, 


(using the operational notation of Chapter 2, 
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R) 
e] 


R2 
e2 


_ (Rs, 4 Rs ) 
es (Ba+B. 


Fig. 3-2 Summing amplifier. 


where po = @ and (5) Q = [ ‘gdt) which also 
dt P 0 
may be written: 


1 t 

es RC, / eat (3-10) 
and one is able to integrate the input, in addition 
to multiplying by a constant and changing sign. 

Many other circuit arrangements are possible 
using combinations of resistance, capacitance, 
and induciance, but not all are practical. By us- 
ing only the two circuits described above, any 
linear differential equation may be solved. Fig- 
ures 2-2 and 3-3 illustrate the circuits used. It 
should be noted that voltages introduced on 
parallel input resistances are added by the am- 
plifier. 


32.3 SOLUTION OF A DIFFERENTIAL 
EQUATION 


The technique of devising a wiring diagram 
which will solve a given equation is best shown 
by an example. Refer to (2-2) of the preceding 
chapter (Control Systems). This is a general 
linear second-order differential equation, a type 
frequently encountered in the analysis of dy- 
namic systems. The equation is repeated below. 


1 é 
= -— at 
e3 RC | ey 


Fig. 3-3  Integzating amplifier. 


The wiring diagram develcped here will be 
utilized in Chapter 10 in the design analysis of 
a machine gun. 

JO. + FO. + KO = Ko; (3-11) 

The first step in finding the wiring diagram, 
or computer circuitry, is to solve (3-11) for the 
highest derivative; in this case, 6. 

. F. K K 

bo = —— by —= t+ % 3-12 

0 zest + 7 (3-12) 

First, assume a voltage representing 6, is avail- 
able. This voltage is integrated twice to obtain 
first §, and then 6). For this operation, two in- 
tegrating operational amplifiers are used. 

The numbers above each resistance indicate 
their value in megohms, while the numbers above 
each capacitance indicate microfarads. From 


Figure 3-3, the multiplications factor, te , be- 


1 
comes io* x 10-* = 1, so the integrators of 


Figure 3-4 will change sign and integrate with- 
out multiplication. 

Voltages now are available which are propor- 
tienal to the variables of the equation; but we 
only assumed that 4, was available originally. If 
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Fig. 3-6 EDA circuit for the solution of a second order equation. 


4, is replaced by the three quantities appearing 
on the right side of (3-12), then one should still 
be able to integrate twice to obtain, progres- 
sively, 6, and 8. But these are precisely the 
quantities needed to obtain §,, so the circuit is 
apparently goiz.5 4 circles, which is exactly what 
must be done. Since —§, is availabie, and 
F 
Tr 
and ~* 6, is needed, the next step is to mul- 
tiply by the appropriate constants, changing 
signs as necessary. 
The output voltage of Figure 2-5 is still only 
part of the right side of (3-12). To this voltage we 


6 is needed, and also since 6, is available, 


must now add the input voltage x 6,, and again 


J 
change signs so that the final output will be 6,, 
from (3-12). 
By combining the circuits.of Figures 3-4 and 


3-5 and adding the voitage * 6, as indicated, the 


3-4 


circuit shown in Figure 3-6 is obtained. Note 
that at each end of the circuit there is a voltage 
equal to §,. The logical step to complete the cir- 
cuit is to hook both ends togetiser, thereby justi- 
fying the original assumption that §, would be, 
and is, available for integration. 

The output voltage representing angular posi- 
tion (0,) is fed into a recording device and 
plotted against time to give a graphical picture 
of the manner in which the physical system be- 
haves. In a similar manner the voltage 6, could 
be plotted to illustrate the angular velocity of 
the system. 

Obtaining s wiring diagram may appear to be 
a tedious operation at first, but it should be re- 
membered that the preceding steps are general, 
and once mastered can be applied to a new prob- 
lem in a very few minutes. The final diagram 
indicates that an EDA circuit is a closed loop 
network, and as such, is ideally suited to the 
analysis of servomechanisms. In general, then, 
the electronic analog computer is best utilized in 
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the solution of dynamic problems, that is, those 
involving equations of motion. The accuracy 
of the solution will, of course, depend largely 
on the accuracy of the computer components 
and the ability of the operator. Under optimum 


conditions the accuracy can be extended to four 
or five significant figures, which is generally more 
than sufficient for most applications. Where 
greater precision is required, one must turn to 
the electronic digital computer. 


3-3 DIGITAL COMPUTERS 


Digital computers have been in use since man 
first learnea ‘o count on his fingers. Throughout 
history this ability to represent objects with digits 
has evoived into the use of the abacus, the add- 
ing machine, the desk calculator, the mechanical 
digital computer, and, finally, in this century, 
the high speed electronic digital computer. The 
various devices are identical in one respect. 
They all represent deta as discrete whole num- 
ber values, whether it is by counting fingers, 
beads, gear teeth, or electrical impulses. 

Before any discussion of the operation of digi- 
tal computers, it would be well to define what 
is meant by a number system. A number system 
refers to the number of individual digits used. 
For example, we normally use a number system 
of base 10, which means we employ ten dif- 
ferent digits (0 through 9) to write any given 
number. This convention was undoubtedly es- 
tablished solely because the human hands were 
endowed with ten fingers. It is entirely probable 
that, had we been given a different number of 
digits, our number system would again corre- 
spond. 

The majority of the digital computers in use 
are built around a number system of base 2, 
‘Le., they use only the digits 0 and 1. The reason 
behind this choice is obvious when one realizes 
that the computers operate on pulses which are 
either present or not present. A pulse represents 
the number 1 and no pulse represents the number 
0. The problem that now arises is that of con- 
verting our familiar decimal system to the simple 
binary system of the computer. 

The solution of this problem is best obtained 
by an example. Given the decimal number 137, 
find its binary equivalent. The number 137 may 
be broken down into three digits (1, 3, and 7) 
each of which must be multiplied by a power 
of ten to determine the relative position of the 
digits. In equation form this becomes: 





137 = (1X10?) + (3X10!) + (7X10°) (3-13) 


A generalization produces the following: 


N = (d,.X10*) + (d,-1X 10") +.... 
+ (d, X10") + (doX 10°) (3-14) 


Note that in general, the appropriate digit is mul- 
tiplied by a corresponding power of the base 10. 
In the decimal system, the digits (d) may be 
any number from 0 to 9. In the binary system, 
the digits may be only the numbers 0 or 1, and 
the base is 2. A general binary equation of a 
number (N) is then: 


N = (d,X2") + (da-1X2""') +... 


+ (d\X2"):+ (doX2%) (8-15) 


The decimal number 187 may be broken into 
several numbers, all of which are powers of two. 


137 = 128 + 8 + 1 = 27 + 2? + 2° 


By similar reasoning, any decimal number may 
be written as the sum of certain powers of two. 
Using (3-15) with d, = 1, d, = 1, d, = 1, and 
all other digits zero, we may write our decimal 
number 187 in binary form as follows: 


137 = (1X27) + (02%) + (OX2*) + (9x24) 
+ (1X2) + (0X2?) + (OX2') + (1X2%) 
= (1128) + (064) + (0X32) 

+ (0X16) + (1X8) + (0x4) 
+ (0X2) + (1X1) (3-16) 


In the decimal system we wrote the digits 1, 3, 
7 in descending order. In the binary system the 
same number is represented by eight digits in- 
stead of three. Writing the digits in descending 
order gives us: 


137 = 10001001 (317) 


As an exercise, the student should prove that the 
following table is correct. 
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DECIMAL BINARY 
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1001 
10 1010 
The simplicity of the binary number system is 
demonstrated by the following tables, which rep- 
resent the complete addition and multiplication 
tables for binary arithmetic. 


ADDITION MULTIPLICATION 


0+0= 0 0x0=0 
O+1= 1 0x1=0 
1+1= 10 Ixi=1 


In the decimal system, numbers to the right of 
the decimal point are written in descending nega- 
tive powers of ten. In the binary system, num- 
bers to the right of the binary point are written 
in descending negative powers of two. For ex- 
ample, the decimal number 5.75 is written in 
binary notation as 101.11, which is 4 + 0 + 1 
+ % + %. Examples of addition and -auitiplica- 
tion are given by the following comparisons. 
Addition: 





DECIMAL BINARY 
5.75 101.11 
+3.50 = + 11.19 
9.25 1001.01 
Multiplication: 

DECIMAL BINARY 
5.75 101.11 
x35 x Md 
2.875 = 10.111 

17.25 101.11 

20.125 1011.1 

10100.001 


Using arithmetic operations such as these, the 
digital computer can carry out rapid calculations 
of unbelievable complexity by easily handling 
as many es 100,000 aumbers per second. It is 
only necessary for the operator to instruct the 
machine, befare the operation begins, as to what 
steps it should take to solve the problem at hand. 


Even thongh most digital computers utilize the 
binary system for arithmetic operations, and the 
designer of such a machine must certainly have 
an understanding of this number system, it is not 
essential for the operator of the machine to know 
or use any systerm other than the ordinary deci- 
mal system. Most computers have an internal 
coding device which allows the operator to use 
the decimal system while the machine operates 
in the binary system. The machines are also 
quite capable of translating letters and words 
into binary numbers, so that instructions may be 
given in English. From the operator’s viewpoint, 
the use of a digital computer involves only the 
preparation of a proper program te solve a par- 
ticular problem. A program for a digital computer 
is an orderly sequence of instructions and data 
which guides the machine to a logical conclusion. 

This program is normally fed into the machine 
by means of punch cards, magnetic tape, or elec- 
tric typewriter. The information is stored in the 
memory of the computer on magnetic drums or 
tapes so that it will be quickly available when 
needed. Next, the numerical data are fed in and 
the computer is started. The machine now reads 
its first instruction, performs the required arith- 
metic operation, and goes on to the next instruc- 
tion, following this sequence until the program 
is completed and the answer is obtained. From 
this brief description it can be seen that a digital 
computer must contain the five following com- 
ponents: 

(1) Input-output unit. 

(2) Data storage or memory unit. 

(3) Arithmetic unit for actual computation. 

(4) Transfer unit for moving data from the 
memory to the arithmetic unit and back. 

(5) Controller for sequencing the operations 
specified by the program. 

The solution of any problem is completely de- 
pendent on the use of a correct program. To 
eliminate errors and provide a logical general 
approach, the programm2r should always fol- 
low the four steps listed below. 

(1) State the problem. 

(2) Write a mathematical model of the prob- 
lein. 

(3) Construct a flow diagram of the desired 
program. 

(4) Write the final program for the machine. 
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A simple example will be given to illustrate (4) Program: 

these steps. | 

CODE MEANING 7 

(1) Statement: If the statistics of the Army- RSA Reset and Add (clear arithmetic unit and ! 
Notre Dame game aad the Navwr-Notre Dame add the contents of —) ook 


game are known, who will win the Army-Navy ; ea 
game? For each tearm we will find the difference ADP" O00 to preva femal we soneente OF 4 
in scores, add the yards gained per carry, and SUE Subtract from previoue result the contents | 
divide by two for the team wearing dark jerseys of — 
(dark jerseys are considered bad luck). The re- DVD Divide previous result by the contents of — 
sults will be compared and BEAT NAVY printed STR Store result in indizated memory cell 

on a punch card if Army is to win; otherwise JIM Jump If Minus (if previous result is nega- 








NEXT YEAR will be printed on a punch card. tive, jump to indicated instruction 
number) 
(2) Model: PCH Punch (print result on a punch card) 
ree STP Stop operation : 
CELLNUMBFR CONTENTS OF CELL se 
001 Army soore Fina! Program: 
002 Notre Dame score (against Army) INSTRUCTION CELL 
003 Arny yards gained per carry NUMBER CODE NUMBER 
004 Navy score 101 RSA 1 
005 No‘re Dame wore (against Navy) 102 SUB ae 
006 Navy yards gained per carry 103 ADD 003 
007 One or Two (depending on Army 104 DVD 007 
jerseys) 105 STR O11 - 
008 One or Two (depending on Navy 106 RSA 004 ie te 
jerseys) 107 8 — 
009 ©: BEAT NAVY i jena pee F 
ou (emp'y) 110 STR 012 
O12 (empty) 111 RSA 011 
112 SUB 012 
If [(001 — 002 + 003) + (007)] > [(004 — 113 JIM 116 
005 + 006) + (008)], print 009, otherwise 114 PCH 009 q 
‘ ll 
(3) Flow Diagram: ic es us . 
. A Sub Ai | de b tore in F . . 
001|— ae 003 | Pan” + O11 rom this example it can be seen that even for 
[sa a bas Door] ial such a simple problem a relatively large number — 


(esc) Popes ae [bee] Peem|. iat | of instructions is required. For problems of 
——_ great complexity it is entirely probable that sev- | 

[Reset and Add 011]—» Bubtract 013) eral hundred, or even several thousand differ- | 

— ent instructions will be necessary. To obviate 

this difficulty, modern computers are being de- | 
signed with the ability tc program themselves | 
internally, given only the statement of the prob- 1 
lem. This ability has obvious advantages of 
economy of time and money. In the past it hes 
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sometimes required hundreds of man-hours to 
prepare a program which the computer can di- 
gest and solve in a few minutes of operation. 
It should be pointed out, however, that the 
preparation of the program should amount to a 
smal] fraction of the labor involved in manual 
soluticn of the same proté-n, or else the ma- 
chine is of no practical use. ' 

The digital computer is not limited to any 
specific type of problem. It is capable of solv- 
ing any type of mathematical problem to any 








SE 


desired degree of precision. it can operate au- 
tomatic f.<iles, compute guided missile trajec- 
tories and coirect the missile in flight, prepare 
payrolls or census figures, keep track of thou- 
sands of items in a warehouse, sort box cars, or 
prepare grade sheets. It has numerous applica- 
tions in such fields az engineering, business, fi- 
nance, transportation, and meteorology. The 
digital computer is also ideally suited to large 
scale, highly repetitive problems, such as the 
preparation of bombing and firing tables. 


3-4 COMPARISON OF AMALSS AND DIGITAL COMPUTERS 


At some point in the design of most complex 
weapon systems the question of whether to in- 
stall analog or digital equipment frequently 
arises. Since either type of computer is capable 
of solving any soluble mathematical equation. 
the choice must hinge upon a number of specific 


34.1 ACCURACY 


Accuracy may be defined as the number of 
significant figures obtainable which are in fact 
correct. Any significant figures obtained, for ex- 
ample, by rounding off or by eye interpolation 
are not considered accurate. An analog com- 
puter can seldom be mad more accurate than 
three significant figures, which is more than ade- 
quate for a wide variety of applications. ‘The 
digital computer is able to extend this degree of 
accuracy to any desired limit, but at the cost of 
size, speed, and complexity. Many present-day 
digital computers are accurate to twenty or more 


significant figures. 


3-4.2 PRECISION 

Precision may be defined as the number of 
significant figures obtainable, without regard to 
absolute correctness. For example, in reading 
the number 953 on a slide rule three place pre- 
cision is obtaineci, but only two place accuracy. 
Precision, therefore, may equel or exceed ac- 
curacy. Analog computers seldom exceed four 
place precision, while digital computers, again, 
may be extended to any desired limit. 


requirements. In a general case there can be no 
clear cut advantage for one or the other. A 
number of outstanding differences and similari- 
ties will be discussed in order to outline the per- 
formance characteristics which will dictate the 
final choice. 


3-4.3 SPFED 


The analog cumputer solves the problem com- 
pletely the instant current begins to flow. The 
digital computer, on the other hand, calculates 
sequentially, not instantaneously. For example, 
an analog computer can perform any number of 
integrations and constant multiplications at the 
same time, while a digital computer must per- 
form each operction one after the other. There 
are, however, many cases in which a digital ma- 
chine can do the work of several analog machines 
simultaneously by a time sharing process. In 
practice, either computer may be designed to 
provide a required solution speed. 


3-4.4 ADAPTABILITY 


Since both machines are capable of solving any 
equation, a choice might be made on the basis 
of adaptability, or the ability to change over 
quickly to a new problem. If it is assumed that 
a new digital program has previously been pre- 
pared, it will require only a few seconds for the 
digital computer to begin a new problen’. The 
analog computer, on the other hand, must be 
completely rewired and thoroughly checked 
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before a new operation can he performed. How- 
ever, if the pr2paration of the program is included 
i the change-over time, the analog computer will 
very likely save considerable time. 


3-4.5 COST 


Generally, the initial outlay for a digital com- 
puter is many times the cost of a typical analog 
installation. In addition, if expansion is desired, 
analog equipment may be added piece-meal in 
small quantities, while a whole new digital in- 
stallation would be required. There is a rough 
rule of thumb which states that with an analog 
computer more calculus operations per dollar 
are obtained, while with a digita) computer more 


arithmetic per dollar is obtained. Certainly cost 
is an important consideration, but not an over- 
riding one. There are many areas in which one 
computer or the other will obviously be the bet- 
ter choice by virtue of the type of problem to 
be solved. 

In summary, the electronic analog computer, 
or differential analyzer, is composed of cas- 
caded operational. amplifiers coupled with re- 
sistive and capacitive circuits. Its yperation is 
continuous and depends upon the representation 
of physica] quantities with d-c voltages. The 
electronic digital computer is composed of loyi- 
cal circuits, memory devices, and transfer equip- 
ment. Its operation is discrete and depends upon 
the representation of physical quantities or data 
with finite numbers. 
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CHAPTER 4 


INERTIAL NAVIGATION 


4-1 INTRODUCTION 


In Chapter 5 of Part 2 (Ballistics) a variety of 
guidance techniques was described in terms of 
their effects on the exterior ballistics, or flight 
paths, of associated missiles. The approach used 
in that portion of the text was essentially a black 
bex technique. In this chapter, emphasis will be 
placed on the principles of inert‘al navigation 
since inertis] components are used, either par- 


4-2 


An inertial guidance system is one which 
measures actual motion with respect to a set 
of fixed, or inertial, axes contgined within the 
system. There are three basic sub-systems to 
consider: the integrating gyroscopes which main- 
tain the orientations of the inertial axes; the 


4-3 


The first law of gyroscopic action is the princi- 
ple of rigidity in space. A gyro which is free :o 
move in any direction will maintain its origins! 
orientation in space. Conversely, a gyro which 
is restrained in one or more directions will 
attempt to resist any overturning torque. This 
Tesistance gives rise to the second law, which is 


Gyro Rotor 


Fig. 4-1 
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tially or wholly, in nearly every missile system 
now under development. 


The reference to missiles in no way limits the 
application of inertial components to unmanned 
vehicles. Many aircraft, ships, and submarines 
now use inertial navigation, and its application 
to land vehicles is not without merit. 


INERTIAL GUIDANCE 


accelerometers which measure accelerations 
along mutually perpendicular axes; and the com- 
puter which monitors and directs the entire 
operation. Each of these sub-systems will be 
studied to determine its operating character- 
istics. 


INTEGRATING GYROSCOPES 


the law of precession. Any attempt to change 
the orientation of the spin axis will cause the 
gyro to precess, or move its spin axis at right 
angles to the applied torque so as to reduce the 
applied torque to zero. Figure 4-1 illustrates a 
g; ro mounted in three gimbais, a so-called three- 
deyree-cf-freedom gyro, which will maintain the 


Gimbals 
. is Rigid Mounting 


Three-degree-of-freedem gyro. 
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Direction of Motion 
of Spin Axis due to “1, 
Precession 


Precession 


rad 
at oy Sec 


orientation of its spin.axis in space. The rigid 
mounting may be rotated in any direction with- 
out disturbing the gyroscope iself. 

Figure 4-2 illustrates a  single-degree-of- 
freedom gyro which is able <o move in only one 
direction. An applied torque about the input 
axis will be resisted and will produce precession 
about the output axis. This precession will 
change the orientation of the spin axis. 

The rate of rotation about the output axis due 
to precession is directly proportional to the rate 
of rotation about the inpui axis due t the 
applied torque, or #, = Ke, where K is a con- 
stant of proportionality and », and «, «are the 
angular rates defined in Figure 4-2. Since », is 
the rate of change of 6, the angular position of the 
spin axis: 


4 = wy = Keo, (4-1) 
dé = Ka, dt (4-2) 
6= Kf de (4-3) 


From (4-3) it is seen that the single-degree-of- 
freedom gyro will actually integrate, thus the 
more common name of integrating gyro. If, 
around the output axis, a signal generator is 
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Fig. 4-2 Single-degree-of-freedom gyro. 


mounted which produces an electric signal pro- 
portional to the angle 6, any attitude change of 
a missile about the input axis will be translated 
into a voltage proportional to that change. The 
asseinbly, therefore, produces the first require- 
ment for an analog computation, a voltage 
pro, ortional to a physical quantity. 

‘he assumption that the precessional rate is 
proportional to the angular input rate is only 
valid wher ‘= angle @ is at or very near zero. If 
6 is allow. et too large (i.e., such that the 
approxim: »s@ == 1 no longer holds), addi- 
tiona! con-....ar terms will be introduced due to 
cross-coupling effects. To keep 6 at the null 
position, the output voltage from the signal 
generator is used to drive a motor, also on the 
output shaft, which will exactly Lalance the 
torque due to precessiou. Thus, very small output 
angles are produced keeping the system lincar, 
while a voltage proportional to the integral of 
the input rate is still obtained. This voltage *- 
therefore used to keep the three axes mua 
perpendicular & all times. 

In one commonly used comnercial gyro, the 
gyro wheel and its spin motor are encased in a 
sealed cylindrical can. This can is, in tum, 
encased in a slightly larger oil filled can, so that 
the gyro case is free to rotate unly about the 
common axis of the two cylinders. The spin axis 
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Signal 
Generator 





Cylinders cutaway to 
show internal detail 


Fig. 4-3 Integrating gyro assembly. 


of the gyro is at right angles to the axis of the 
cylinders. The signal generator and the torque 
motor are mounted on the axis of the cylinders, 
which is the output axis. The whole unit is then 
mounted in the missile at right angles to the 
desired input axis. A schematic of the unit is 
shown in Figure 4-3. 

In a typical installation, three of these units 
would be placed on orthogonal (mutually per- 


pendicular) axes to measure missile attitude with 
respect to pitch, roll, and yaw. The three gyros 
are placed on a single platform and are used to 
keep that platform in a fixed, o1 inertial, orienta- 
tion regardless of the motion of the missile itself. 
Since these gyros sense only rotational motion, 
another sub-system must be installed to measure 
translation of the center of gravity of the missile. 
This function is accomplished by accelerometers. 


4-4 LINEAR ACCELEROMETERS 


Newton's Second Law, F = ma (where mass is 
assumed constant), is utilized to measure acceler- 
ations in a given direction. If a known mass 
applies a known force, then it will have a known 
acceleration, and this acceleration is the force 
divided by the mass. In its simplest form an 
accelerometer may be composed of a mass which 
is free to move in one direction against the action 


of a spring. If the mass is m Dee and the 


spring constant is Ke. the acceleration is 
KX ft 
= on sect ol 


where X is the distance in feet that the spring is 
compressed or stretched. Therefore, the acceler- 
ation in the % direction is directly proportional 
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to the distance X. Thus, three orthogonal «c- 
celerometers will measure accelerations along 
the three axes of a coordinate system. 

A more sophisticated component is the inte- 
grating gyroscopic accelerometer shown in Fig- 


ure 4-4, This device closely resembles the gyro. 


shown in Figure 43, with the exception of a 
pendulous mass mounted on one end of the retor 
spin axis. An acceleration, a;, along the input 
axis causes this mass to exert a torque on the 
gyro about the cutput axis, which attempts to 
rotate the spin axis through an angle 6,. The 
voltage induced in the signai generator is used 
to drive a servo motor mourited on the input 
axis which applies a torque, producing « preces- 
s'on which opposes the acceleration torque, 
thereby keeping the spin axis at its null position. 
If the spin axis should be ailowed to rotate more 
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Fig. 4-4 Integrating gyroscopic accelerometer. 


than a few degrees, the pendulous mass would 
pick up accelerations at right angles to the de- 
sired axis, introducing errors of considerable 
magnitude. 


The torque of the servo motor is h a , and 
the torque of the pendulous mass is mla,, where, 


h = angular momentum of the entire cylin- 
drical case about the input axis 


dé, 
rr = angula: velocity of case about the input 
axis 
m = mass of the pendulous mass 
I = moment arm of pendulous mass from 
gyro center 


a, = acceleration ane the nput axis 
Since the two torques are ba... :d, 


ge he Vy, (4-2) 


where V, is the velocity along the input axis. 


From (4-5) it is seen that ihe angular velocity 
of the servo motcr is proportional iv accelera- 
tion, while from (4-7) it is seen that the angular 
position of the servo is proportional to velocity. 
It is essential that the gyro assembly maintain a 
fixed orientation in space so that only the ac- 
celeration along the input axis will be sensed. 
Once more three identical units will be needed 
for the three coordinate axes, to measure ac- 
celerations in the X, Y, and Z directions. Later the 
important role played by the torque motor shown 
on the ouqput axis of Figure 4-4 will be dis- 
cussed. 

In order to provide an inertial orientatior. in 
space for the three accelerometers, a platform 
stabilized by integrating gyros is commonly 
used. The accelerometers are mounted on the 
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platform along mutually perpendicular axes, and 
the entire platform is suspended in a series of 


45 STABLE 


The stable table used in inertial navigation 
should ideally maintain a fixed orientation in 
space. If, however, there is any friction present 
in the gimbal bearings, a certain amount of table 
tiit will be introduced. It is the function of the 
integrating gyros on the platform to sense this 
angular change by the method previously out- 
lined and to correct the tilt by applying a voltage 
to small motors mounted on the gimbal axes. 
The gimbal motors, then, counter-balance any 
gimbal bearing friction, keeping the table stable. 
Now that an inertial reference plane is available, 
accelerations with respect to that plane may be 
measured. In order to use the accelerations, 
though, the direction in which the stable table 
is stabilized must be known. Furthermore, the 
acceleration of gravity must not be confused 
with a true acceleration of the missile. 

The initial proper orientation of the table is a 


gimbals, giving it complete freedom from mis- 
sile rotation. 


PLATFORM 


part of missile calibration during count-down. 
First, a guidance plane is chosen, being defined 
by the launch point, the target, and the center 
of the earth. The trajectory is then in the same 
plane as a great circle through the launch point 
and target. Before launching, the table is set 
perpendicular to a line through the center of 
the earth. Next, the longitudinal and lateral ac- 
celerometers are positioned along and perpen- 
dicular to the tangent to the earth along the 
trajectory. The components of the earth’s gravi- 
tational acceleration and centrifugal accelera- 
tion must be continuously subtracted from the 


readings of the accelerometers in order to pro-. 


vide true acceleration and, by integration, ve- 
locity and range. The success of the mission will 
be completely dependent on the lack of such 
errors as gyro drift, table tilt, and computer 
inaccuracy. 


4-6 GUIDANCE COMPUTER 


The function of the computer is to correct con- 
tinuously for predictable errors and to calculate 
the position and velocity of the missile. The co.n- 
puter corrects errors in position by commanding 
missile maneuvers through a servo contro! sys- 
tern. Errors in velccity are reduced ‘by v.vying 
the throttle setting or by adjusting the motor 
burn-out time. Predicable errors are those asso- 
ciated with gyro drift, gimbal friction, variations 
in the gravita‘ional field, Coriolis acceleration, 
and oblateness of the earth. 

For trajectories which cover more than a small 
fraction of a great circle, iucreased accuracy is 
obt«ined by keeping the stable table perpendicu- 
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lar to the earth at all times. This feat is accom- 


_plished by causing the platform to precess. at a 


rate equal to the angular rate of the missile about 
the earth’s center. Both the range and the lateral 
accelerometers will then be able to measure sis- 
sile accelerations without the added burden of a 
large bias acceleration due to gravity. The 
amount of precession necessary is calculated by 
the computer and applied to the three integrat- 
ing gyros on the platform. When the missile 
reaches the target the measured vertical will co- 
incide with the programmed vertical at that 
point and the computer will know the trajectory 
has been completed. 
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Fig. 4-5 Inertial guidance plane. 





In Figure 4-5, the following items are depicted: stable platform may be determined. The neces- 


A; launch point _ ,Sary rates about the X, Y, and Z axes are: 


B: target wo, = wo Ssiny cose 
O: center of earth wv, = w cosy +6 
M: position of missile i 
E: intersection of trajectory and equavor | 
| ON: polar axis where again the dot notation (¢) has been used 





o, = w Siny sine (4-8) 


MN': reference line parallel to ON to indicate a time derivative. 7 
AOB: the guidance plarie Equations (4-9), (4-10), and (4-11) are the 
AMB: the great circle path of the missile guidance equations which the computer must 
X: axis tangent to trajectory in AOB plane continuously solve. The derivation of the equa- 
Y: horizontal axis perpendicular to tra- tions is beyond the scope of the text. They are 
jectory included only to indicate the complexity of the 
2: vertical axis through center of earth in acceleration calculations and to show the num- 
AOB plane ber of corrections necessary to allow for a non- 
spherical, rotating earth. The quantities Ax, Ay, 
w: rotational velocity of earth (=) and Az are the accelerations actually measured 
. = by the accelerometers along their respective 
r: radius of missile (OM) from center of axes. The quantities X, Y¥, and Z are the true 
earth missile accelerations with respect to the earth, 
From the figure, the angular rates of precession 


. 1 | 
required to maintain a vertical plumb on the and ¢ is the ellipticity factor of the earth \aait. ( 
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X = : [Az — 2r ¢ — Qur cosy + 2wy siny sine 


+ 2eg ain*y sin*e] (4-9) 
¥ = Ay -+ Qur siny cose — 2wr o siny sing 


-@9 t + 2eg sin? y sine (4-10) 


Z =m Az +g +r (0)? + Qur o cosy 
— 2wy siny cosas (4-11) 
Integration of (4-9), (4-10), and (4-11) will 
produce velocity and distance travelled at any 
time in each of the three directions. 


4-7 SCHULER PERIOD 


One of the most outstanding features of all 
inertial navigation systems is the inherent Schuler 
oscillation, discovered in 1923. Schuler (a Ger- 
man) correctly predicted that any inertial 
system will cause an undamped sinusoidal os- 
cillation with a period of 84 minutes, if an er:or 
in position is introduced. For example, if the 
assumed location of the launch point is in error 
by one mile, the missile will, during flight, wan- 
der back and forth across its desired trajectory 
with an 84 minute pericd, but always remaining 
within one mile of the trajectory. 

Figure 4-6 is an exaggerated diagram showing 
an error in position of an inertial stable table. 
Assuming a is a small angle, such that sing ~ a, 
the acceleration of the table toward its desired 
position is described by (4-12), (4-13), and 
(4-14). 


The solution of (4-14) is an undamped sine 


wave with a frequency of o, = fh or 4 


period of T = 2 E = 84 minutes. Obviousiy, 


the Schuler period will increase as distance 
from the earth increases. As locations on the 
earth’s surface become more accurately known, 
and as guidance components become more pre- 
cise, the errors in long range inertial navigation 
will be greatly reduced. 


Desired Position 


ML hhh hed 





Ro = -go (4-12) 

Ra +go=0 12) 

- g = = 

o + ah 0 (4-14) Fig. 4-6 Eighty-four minute period. 
4-8 SUMMARY 


Pure inertial guidance is ideally suited to long 
senge, high speed navigation. For a long time 
of flight, however, some method of correcting 
errors due to gyro ‘irift is highly desirable. One 
such method is celestial navigation coupled to 
inertial navigation, which provides periodic ac- 
curate fixes over the earth’s surface as a ineans of 
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checking the missile’s position. Another tech- 
nique recently developed is automatic ra-lar 
map-matching, in which a radar view of the ter- 
rain below the mussile is electronically compared 
with a previously prepared radar map of the 
same area. 

Many of tne components described in this 
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Fig, 4-7 Gyro drift rate per 1000 ft of miss distance. 


chapter are currently being used in missiles 
which are nox inertially guided. For example, 
air-to-air and surface-to-air short range missiles 
may utilize integrating gyros for attitude con- 
trol, and accelerometers for velocity control. 
Guidance computers are used, but are often left 
on the ground, or in the launching aircraft. 

An appreciation of the accuracy necessary for 
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Fig. 4-8 Accelerometer % error per 1000 ft of 
miss distance. 


current inertial components may be gained from 
the realization that an error of as much as one 
foot per second in burn-out velocity or .05 de- 
grees in burn-out pitch attitude will cause an 
inte~continertal ballistic missiie to miss the tar- 
get by about one mile. Accuracy requirements 
are summarized in Figure 4-7 for gyros and in 
Figure 4-8 for accelerometers. 
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CHAPTER 5 
GUN TUBES 


In the pre-gunpowder period, man tried to in- 
crease the range of his weapons by using vari- 
ous types of catapults ard ballista. These 
methods of projectile propulsion were nothing 
more than great slings used to hurl stones and 
other large, heavy objects for a considerable 
distance. 

The invention of gunpowder about 1250 A.D., 
brought into use the first smooth-bore cannon. 
These cannon fired rounds of stones or darts of 
iron. They were often laid on the ground or 
with the muzzle end raised up by a mound of 
dirt or a block of wood. One of the earliest re- 
corded uses of firearms in warfare is that of an 
attack on Seville, Spain, in 1247. History also 
records that cannon were used hy King Edward 
III of England at Crecy in 1346, and by Moham- 
med II of Turkey in his famous conquest of Con- 
stantinome in 1453. 

The fir.t firearms were large, heavy, and in- 
efficient, and were not capable of being carried 
by an individual soldier; hence the development 
of cannon preceded that of smali arms by about 
50 years. The tube of a gun was then made like 
a barrel, of wocden staves bound togethe: with 
hoops of iron; in the English language it has 
ever since been named a barrel. 

The late smooth-bore period showed the 
gradual improvement of smooth-bore weapons, 
iron and bronze being used for cast tubes; and 
some of the first attempts to attain mobility by 
placing the smooth-bore cannon on various types 
of carriages. During this period artillery began 
to be recognized as an arm independent cf in- 
fantry and cavalry. 

A period of transition followed (about 1845 
to 1885), during which breech loading, rifling, 
and fragmentation projectiles were tried and ac- 
cepted. Distinction began to take place betwecn 
guns, howitzers, and mortars. The first crude 
recoi! mechanisms appeared, and smokeless pow- 
der was invented. 

The latest or modern pericd, continuing up to 


HISTORICAL SUMMARY OF DEVICES FOR LAUNCHING PROJECTILES 


the present time, has resulted in the develop- 
ment of artillery as we find it today, firing high 
velocity ammunition, breech-loaded, from im- 
proved steel guns on mobile mounts embodying 
mechanisms to absorb the recoil. 

Rocket propelled weapons have been used in 
warfare as long as gunpowder has been avail- 
able. Previous to World War II, however, their 
effectiveness was limited because of their ex- 
treme lack of accuracy. With the advent of im- 
proved propellants and launching techniques 
during World War UI, rockets became an im- 
portant element of the artillery arsenal. Since 
that time, development of guidance techniques 
and of rocket engines capable of propelling mis- 
siles at extreme velocities over very long ranges, 
have made rocket and jet propelled guided mis- 
siles at least of equal importance to gun pro- 
pelled artillery. 

In the case cf conventional artillery, the 
launching vehicle is the gun. Rockets and 
guided missiles are launched using devices 
known simply as launchers. The design of both 
guns and launchers entails careful study of all 
system variables in order that the projectile or 
missile will be properly launched on its pre- 
scribed trajectory. 

Guns are discussed in this text in several chap- 
ters: Chapter 5 presents a general discussion of 
tubes and associated components; in Chapter 6, 
stresses in gun tubes are studiec; Chapter 7 con- 
tains description and analysis of recoil systems; 
Chapter & discusses mounts and launchers, in- 
cluding stress analysis; Appendix A gives a de- 
scription of methods of manufacture of gun. 
tubes. Descriptive data concerning guns is 
limited in this text because space is not available 
for detained description. For the reader inter- 
ested in the description and operation of wea- 
pons and components, Department of Army 
Technical Manual 9-2805, Fundamentals of 
Artillery Weapons, is recommended. Miss‘le 
launchers are b: . fy discussed in Chapter 8. 
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Fig. 5-1 Components of a barrel assembly. 


5-2 GUNS—DEFINITICNS 


In Figure 5-1 various parts of a gun are indi- 
cated. Thes- include the following: 

(a) Barrel assembly: consists of tube, breech 
ring, and in some cases hoops, jackets, and liners. 

(b) Tube: that part of the barrel assembly 
which contains the rifled bore and the chamber 
for the ammunition. 

(c) Breech ring: that part of the barrel as- 
ceably which houses the breech mechanism. 

(da) Breech recess: that space at the rear of 
the barre! assemoiy {crined in the interior cf the 
breech riag to receive the breechblock. 

(e) Chamber: that part of the tube extending 
from the rear face ot the tube to the forcing cone. 

(f) Gas check seat: that portion of the rear in- 
terior of the tube (in guns firing separate-loading 
ammunition ) which is tapered to receive the gas 
check pad of the breech mechanism to insure 
proper obturation when firing. In guns firing 
fixed or semi-fixed ammunition, obturation is 
performed by expansion of the cartridge case 
against the walls of the powder chamber, so 
that the tapered gas check seat is eliminated. 

(g) Centering slope: tapered portion at or 
near the forward end of the chamber which 
causes the projectile, during the loading opera- 
tion, to center itself in the bore. 

(h) Forcing cone: interior tapered portion of 
the tube between the chamber and the bore, in- 
cluding the tapered origin of the lancs. It allows 
the rotating band of the projectile to be engaged 
gradually by the rifling and aids in centering the 
projectile within the bore. 

(i) Bore: the cylindrical rifled portion of the 
tube interior extending from the forcing cone 


to the muzzle. 

(j) Rifling: a number of helical grooves cut 
in the bore of a gun, beginning at the forcing 
cone and extending to the muzzle (Figure 5-2). 
The surfaces of the bore between the grooves are 
called the lands. 

(k) Caliber: the caliber of an artillery piece is 
the diameter of the bore, not including the depth 
of tie rifling (Figure 5-2). 

The term caliber is also used as a unit to ex- 
press the length of a weapon, measured from the 
face of the breechblock to the muzzle. A unit of 
one caliber in length is equal to the diameter 
of the bore between lands. Artillery weapons 
are divided into types (Figure 5-3) which have 
characteristic ‘engths as follows: 

Mortar: 10 to 20 calibers 

A mortar has a smooth bore, usually, and a 
low muzzle velocity. Fired at high elevation it 
can reach nearby targets that are concealed by 
intervening hills or other barriers, 

Howitzer: 20 to 30 calibers 

A howitzer, intermediate between the gun and 
the morta., has a medium muzzle velocity aud 
delivers high angle fire to reach targets hidden 
from flat trajectory guns. 

Gun: 30 to 50 calibers or more 

As compared with a howitzer, a gun has a 
lenger barrel, higher muzzle velocity, flat tra- 
jectory, and a more limited maximum elevation 
(except antiaircraft guns). It is used for long- 
range fire or for the delivery of fire requiring a 
flat trajectory and high velocity. 

Recoilless weapons, regardless of the number 
of calibers of length, are called recoilless rifles. 
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Fig. 5-2 Mecsurement of caliber. 


Fig. 5-3 Types of artillery weapons. 


5-3 BREECH MECHANISMS—GENERAL 


In the era of the muzzle loading cannon, the 
cannon had to be depressed! for loading, the 
loader was in danger, aud the rate of fire was 
limited. Since that time the continual develop- 
sent in breech mechanisms has produced the 
safety, high rate of fire, and convenience whict: 
are taken for granted in the modern weapon. 

A satisfactory breech mechanism must be easy 
and quick to operate. If it is operated manually, 
its operation must be quick enough that it-does 
not delay the rate of fire, and easy enough that 
the operator will not become unduly fatigued 


during continuous firing. With automatic oF 
semi-antomatic weapons, the mechanism must 
be adapted to operation hy a cam and lever 
arrangement. 


Safety is another very important requirement. 
For a gun crew to operate mast efficiently, the 
men must have confidence that they will not be 
injured in serving the weapon. 


The obturation must be complete. Obturation 
is the sealing of the propellent gases in the cham- 
ber, both to the front and to the rear. 


5-4 BREECHBLOCKS 


The breechblock ts the principal part of the — back end of the barrel. The two general types 
breech mechanism and is essentialiy a large of breechblocks are: interrupted-screw type and 
heavy piece which positively closes or covers the — sliding-wedge type. 
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Fig. 5-5 Vertica! sliding-wedge 
breechblock. 


5-4.1 INTERRUPTED-SCRIW 


The most common type of interrupted-screw 
breechblock is the stepped thread (Weliz) 
breechblock. The breech recess and the breech- 
block are cut with a series of stepped threads 
(Figure 5-4) so that when the breechblock is 
inserted and turned in the breech recess, match- 
irg sections of stepred threads engage. Using 
the stepped type of taread, a large threaded suz- 
fave cr holding area is possible. This breech- 
block is used on modern cannons which fire 
separate loading ammunition because of the ease 
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Fig. 5.6 Horizontal sliding-wedge breecdblock. 


of adapting an obturating device to the assem- 
bly. 


3-42 SLIDING-WIDGE 


The sliding-wedge breechblock is rectangular 
in cross section and slides in a rectangular recess 
in the breech ring. Where the motica of the 
breechblock is vertical, the mechanism is re- 
terved to as the vertical sliding-wedge (Figure 
5-5). When the motion is horizcrtal, the block 
is called a horizontal sliding-wedge breechblock 
(Figure 5-6). 
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Fig. 5-7 DeBange obturator. 


5-5 OBTURATION 


Obturation is the sealing of the propellent 
gases in the chamber both to the front and to 
the rear. The rotating band, in the case of ar- 
tillery projectiles, 2nd the gilding metal jacket, 
in the case of smali arms bullets, provide for- 
ward obturation. When considering breech 
mechanisms we are concerned with the preven- 
tion of the rearward passage of powder gases 
into the threads and other parts af the breech 
mechanism. These gases, which have great ve- 
iocities and high temperatures, would soon erode 
and ruin the breech mechanisms and would 
materially affect the ballistics of the weapon if 
a means of obturation were not introduced. In 
weapons using fixed or semifixed ammunition, 
obturation is performed by the cartridge case, 
which expands under pressure from powder 
gases in the bore to form a tight scal against the 
walls of the powder chamber. In weapons using 
separate loading ammunition, an obturating de- 
vice must be included in the breech mechanism 
to prevent the rearward escape of powder gases. 
The D«ange obturator is used exclusively in 
American weapons. 

The DeBange obturator ‘s illustrated sche- 
matically in Figure 5-7. The mushroom heed of 
the obturator is formed integrally with a spindle 
which passes through the breechblock. The 
spindle and mushroom head are free to move 


back and forth. Between the mushroom head 
and the breechblock is a pad made of asbestos 
and non-fluid oil, or, in some cases, made of neo- 
prene rubber. This pad is called the gas check 
pad. Two split steel rings, which are ground 
accurately to bear against the walls of the bore, 
encircle the gas check pad. The spindle and 
mushroom head have a small kcie drilled axially 
to allow the flame from the primer to go through 


the breechblock and reach the propelling charge., 


When the weapon is fired, the gas pressure acts 
against the mushroom head, moving it back and 
compressing the pad. This causes the pad to 
expand radially against tne split rings, which 
in turn expand to make a gas tight seal against 
the bore wall. After firing, the gas pressure is 
dissipated; the pad returns to its norma! shape, 
moving the mushroom head forward; the split 
rings contract to their original size; and the 
breechblock is thrn free to open. The gas check 
pad, split ri:.zs, and mushroom head de not ro- 
tate with the breechblock during the closing or 
opening, but the breechblock proper rotates 
about the spindle mushroom head assembly 2s 
an axle. In actual practice, there is always a 
small split ring around the spindle to prevent the 
escupe of ras at this point, and a filling-in dish 
which forms a bearing between the pad and rotat- 
ing block.’ 
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Fig. 5-8 Bore evacuator and muzzle brake. 
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Fig. 5-9 Cross section of bore evacuator. 


5-6 BORE eVACUATORS 


Gas ejector systems, also known as air scaven- 
ger systems, have been used for many years on 
large caliber seacoast and naval wezpons to 
clear gases and residue out of the barrel after 
firing. The system involves pipes and valves 
which allow the injection of compressed air 
through the breech into (he powder chamber 
after each round. 


A more zecent method employs a bore evarua- 
tor (Figure 5-8), which is a metal jacke: at- 
tached near the muzzle, accessible to bore gases 
through inclined orifices in the tube. Its action 
is simple and entirely autematic. Some of the 
powder gases following behind the projectile 
flow throug; ihe smuul orifices in the tube (Fig- 
ure 5-9) into the evacuator chamber after the 
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projectile bas passed the orifices. Pressure is 
thus built up in the evacuator chainber and is 
maintained until that in the tube drops. The 


i 





gases then flow back inte the tube in the direc- 
tion of the muzzle and create a partial vacuum 
which, as the breech opens, clears the bore. 


5-7 SAFETY DEVICES 


Artillery weapons are equipped with neces- 
sary safety devices to protect personnel and ma- 
terial. As needed, a given weapon may contain 
devices which prevent: 

(a) Premature discharge. 

(b) Powder gases trom ‘escaping from the 
powder ‘chamber to the rear. 

(c) The breechblock from opening or rotating 
when the weapon is fired. 

(d} High angle weapons from firing at too 
low an angle and endangering the emplacement 
or friendly personnel. 

(e) Firing when the cannon is disconnected 
from the recoi] system. 

(f) Operation of the firing mechanism when 
the breechblock is not fully closed. 

(g) “ring when the cannon is not ‘n battery. 

(h) Firing with excessive head space present. 

(i) Firing into friendly territory. 

(j) Accidental elevating or traversing while 
traveling. 

The breech mechanisms and firing mechanisms 
are so designed, equipped and assembled that 


5-8 THEORY 


The term rifling was defined in Par. 5-2. The 
purpose of rifling is to impart to elongated pro- 
jectiles the rotation necessary to insure stability 
in flight. The projectile is constructed with one 
or more rotating bands of soft metal, slightly 
larger in diameter than the bore of the gun. As 
the projectile moves down the bore under the 
action of the propellent gases, the lands cut 
through the rotating band, engraving it to con- 
form to the cross section of the bore, and caus- 
ing rotation of the projectile.* The ribs of metal 





* In recoilless weapon systems the rotating band is pre- 
engraved, so that the lands do not perform the engraving 
function. This reduces stresses in the gan tube and allows 
a thinner tube wall. It also reduces the energy lost in the 
engraving process, so thi’ more of the propellant’s en 
ergy coutent can be converted into kinetic energy of 
the projectile. 


they will prevert premature discharge, rearward 
escupe of powder gases, and unseating of the 
breechblock. Frevention of premature discharge 
is accomplished by preventing use of the firing 
mechanism, or assembly of it io the breechblock, 
before the breech is fully closed. Mechanical de- 
vices such as cam operated, spring actuated locks 
and plungers function between the breechbluck 
mechanism and firing mechanism to make up 
this safety device. On weapons that are fired 
electrically, the electric firing circuit is broken 
by means of circuit breakers or switches, and 
firing is rendered impossible until] all precaution- 
ary measures and operations have been carried 
out. 

Positive stops and locks are provided on wea- 
pons if it is necesary to prevent accidental firing 
at too low or too high an elevation, cr into 
friendly territory. Similar stops and locks are 
used on all mobile weapons or tank armament 
in order to prevent damage to weapon, undue 
wear of gear trains due to road shocks, or in- 
jury to personnel by accidental and uncontrolled 
traversing or elevating during traveling. 


OF RIFLING 


from the band projecting into the grooves pre- 
vent the escape of gas past the projectile. This 
function of the band is called forward obtura- 
tion. 

The twist of rifling at any point is tne inclina- 
tion of a groove to the element of the bore 
through the point. It may be uniform, increas- 
ing, or a combination of the tw». It is usually 
er pressed in terms of the number of calibers of 
length in which the groove completes one com- 
plete turn, for example, one turn in 40 calibers. 
In uniform twist, the degree of twist is constant 
from the origin of rifling to the muzzle, the path 
of the groove being a helix. In increasing twist, 
the degree of twist increases from zero or some 
stall value, for example, one turn in 89 calibers 
at the origin, to a sharper twist at the muzzle, 
such as one turn in 25 calibers. The rate of in- 
crease may be uniform or beccme more rapid. 
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Fig. 5-10 Developed curve of rifling. 


Certain designers have employed the increas- 
ing twist to a point several calibers from the 
muzzle and uniform twist from there on. Rifling 
is specified by the developed curve of the groove. 
For uniform twist, the developed curve is a 
straight line as indicated by AC in Figure 5-10. 
In increasing twist, the form of the curve is 
usually parabolic. 


To consider in more detail the case of uni- 
form twist rifling, 


let ¢ = angle of twist 
n = number of calibers of Jength in which 
. a groove comrletes one turn 


diameter of bore, ft 
Then for the value of the tangent of the angle 
of twist 


rd _ 7 


nd~ on (5-1) 
For rifling with increasing twist ¢ is variable 


tan? = - 


but the value of its tangent at any point is a 


To establish the relation between the velocity 
of translation and the velocity of rotation of 
the projectile, 


let v = velocity of translation of the projec- 
tile at any point of the bore, ft/sec 
¢ = angle of twist of the rifling at the 
same noint 
w = angular velocity of the projectile at 
the same point, rad/sec 
d = diameter of tne bore, ft 


Then the linear velocity of rotation of a point 
on the outside surface of the projectile is evi- 
dently r tang. 





The angular velocity is therefore 


_ zotang 
oo. Vee (5-2) 
Knowing tne snuzzle velocity and the twist at 
the muzzle, the velocity of rotation cf the pro- 
jectile as it leaves the gun may be determined. 
Standard rifling design practics is based upon 
theoretical computations of forces and stresses, 
experimental tests, data from service firings, and 
practical manufacturing considerations. Influ- 
encing factors include the following: 


(a) Ballistics. The system of rifling and the 
angle of twist selected depend both upon the 
gun and the projectile and must be such that 
with the established muzzle velocity the neces- 
sary rotation will be imparted to a projectile 
of a given design to insure _ stability in flight. 
The type of fuze used may dictate the maximum 
velocity of rotation permitted. 


(b) Strength. The number, width, and pro- 
file of the lands must be such as to withstand the 
stresses set up as the projectile passes through 
the bore. The type and twist of rifling should de- 
velop stresses on both gun and projectile which 
are within allowable limits. 


(c) Wear. The accuracy life of a weapon de- 
pends primarily on the condition of the rifling. 
The degree of wear is affected by the type and 
twist employed, and by the width, number, depth, 
and form of the lands and grooves. In one in- 
stance the accuracy life of a gun of a certain de- 
sign was doubled by decreasing the degree of 
uniform twist, increasing the width of lands and 
depth of grooves, and decreasing the number of 
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lands and grooves. 

The primary consideration is that the projectile 
should emerge from the muzzle with the proper 
rotational velocity. The characteristics of both 
the gun and the projectile are involved. Under- 
spin will result in tumbling and instability of 
flight. In overspin, the longitudinal axis of the 
projectile will tend to retain its same position dur- 
ing flight, not adapting its direction to the curved 
line of flight, and thus not insuring head-on im- 
pact. 

Both the uniform and the increasing systems of 
twist have their advantages and both systems 
have been employed. However, the uniform 
twist is now specified for all U.S. Army guns, 
except the 40-mm gun (Bofcrs), the 240-mm 
howitzer, and the 4.2-inch mortar. The 40-mm 
gun (Bofors), for example, has a twist increas- 
ing from one turn in 45 calibers at tae breech 
to one turn in 30 calibers at the muzz}c. Com- 
paring the two systems, it is apparent that, to 
produce the same rotational velocity at the muz- 
zle, the use of increasing twist will result in less 
driving force on the driving side of the land and 
on the rotating band, when the projectile is near 
the origin of rifling, and when it is at the point 
of maximum powder pressure and acceleration, 
than if uniform twist is used; at the muzzle, how- 
ever, this will be reversed. However, if the rate 
of increase of twist is properly selected, the maxi- 
mum stress on the lands and on the rotating band 
of the projectile will be less with increasing twist 
than with uniform twist. The danger of stripping 
the rotating band from the projectile is thus re- 
duced by use of the increasing twist, but this ad- 
vantage has been minimized by the development 
of modern progressive hurning powders, with 
properly selected granuiation, which permit at- 
tainment of the desired n:uzzle velocity with 
lower maximum pressures. With the uniform 
twist, the rotating band is engraved initially te 
the exact form which will be maintain 4 through- 
out the length of travel in the bore and there is 
no subsequent displacement of band metal. 
With increasing twist, however, there is a con- 
tinuous change in the angle of the grooves 
engraved in the band, with continuous displace- 
ment of metal. Initially the grooves are approxi- 
mately parallel to the axis of the projectile, but, 
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as the twist of rifling increases, they must con- 
form to this constantly changing angle. The re- 
sulting disadvantages of the increasing twist are: 
(1) concentration of driving pressure on the for- 
ward part of the band, with high pressure on 
the driving edge of the land; , 2) increased fric- 
tion, abrasion, and temperature; ¢nd (3) higher 
value for total passive resistance although the 
starting resistance is less. Rifling with increas- 
ing twist increases manufacturing costs some- 
what. The apparent advantages of the uniform 
twist over the increasing are reflected in the 
present general tendency of all countries to spec- 
ify the former type. There are sufficient pro- 
ponents of the use of increased twist, however, 
to warrant further study of this type. One lead- 
ing ordnance installation is at present experi- 
menting with increasing twist of rifling for 
hyperveiocity (ie. greater than 3500 ft/sec) 
guns. 

If the twist increases from zero at the breech 
uniformly to the muzzle, the equation of the de- 
veloped curve of the rifling will be of the form 


y = au + bw? (5-3) 
where u is measured parallel to the bore and y 


is perpendicular to that direction. Differentiat- 
ing (5-3) twice with respect to u, we have 


fu _ 2 (4) 

du? 
That is, the rate of change of the tangent tc. the 
groove is constant. A twist in this form v 91¢ 
oifer less resistance than the uniform twist to the 
initial rotation of the projectile. But, to diminis‘. 
this resistance still further, a twist that is at first 
less rapid than the uniformly increasing twist 
and ‘ater more rapid, has been adopted fre- 
quently for rifled guns. The equation of the 
semi-cubic parabola 

ul? = Qpy (5-5) 
is generally adopted for the developed curve of 
rifling with increasing t.vist (Figure 5-11). The 
twist is assumed at breec) and muzzle ead the 
curve between these poin's is obtained from 
the above equation. The tan,ent to the curve at 
any point makes (with the ais of u) an angle 
whose tangent is dy/du. The va'ue of the tangent 
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of the angle at any point is r/n (5-1). Therefore, 
differentiating (5-5), 


3,1? 

4p 

A cross section of the breech end of a cannon 
tube with right hand twist, showing the typical 
shape of rifling grooves and lands, is shown in 
Figure 5-12, The number, width, and depth of 
grooves increase with the caliber of the gun. 
The type and twist of rifling also influence the 
desigr:. Shown below are some design character- 
istics with the advantages of each listed: 

(a) Shallow grooves. Cause less weakening 
of gun tube; less resistant to engraving of rotat- 
ing band. 

(b}) Deep grooves. Insure longer accuracy 
life of tube. 

(c) Wide lands. Withstand stress on driving 
edge. 

(d) Narrow lands. Less resistant to engrav- 
ing of rotating band. 

The driving edge of the land is the side which 
exerts the pressure against the rotating band 
gausig rotation. It should be substantially 
straight and radial in direction in order that the 
force between projectile and land may be tan- 
gential to the wall of the tube. Rounding of 
corners facilitates manufacture and at the bot- 
tom is necessary tc prevent the development of 
stress concentration ciacks. The shape of the 
non-driving edge is less important, so long as 
the requisite strength is insured. 

The rifling problems discussed above are 
naturally non-existent for smooth bore weapons 
such as mortars and rocket launchers. Such guns, 


dy 
— = tan 
du . 





ain 


WEAPON SYSTEMS AND COMPONE?\TS 








Developed curve of rifling 
(increasing twist). 


Fig. 5-11 





aC Driving 


edge 
Fig. 5-12 Form of ;ifling (from breech end). 


however, must einploy fin stabilized projectiles. 
Experiments are being conducted on high ve- 
locity guns also, using smooth bores and fin 
stabilized projectiles. These combinations elimi- 
nate disadvantages of rifled guns such as high 
friction, abrasion, temperature, and total passive 
resistance to the projectile; however, the prob- 
lems of yas pressure sealing and gun accuracy 
remain in magnified propcrtions. In fact, in some 
test weapons of this design, high erosion due to 
imperfect sealing of the propellent gases has 
resulted. 
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CHAPTER 6 
STRESS ANALYSIS IN CYLINDERS 


6-1 GENERAL 


{n the design of weapon systems, each com- 
ponent must be carefully studied to determine the 
stresses to which it will be subjected. Because 
of the extremely high performance characteris- 
acs of modern weapons, these stresses may ex- 
ceed the maximum allowable if components are 
improperly designed. Accelerations of the order 
of 20,000 or 30,000 times the acceleration due to 
gravity are imparted to modern artillery projec- 
tiles, causing very high stresses in the walls of 
these projectiles. Pressures on the order of 
40,000 pounds per square inch are not uncom- 
mon in hypervelocity artillery weapons, subject- 
ing the gun tube to extreme stresses. Long range 
missiles carry large weights of propeliants in frel 
tanks. Under even small acceleration the pres- 


sure exerted by these fuels become: considerable. 

In order that proper strength cau be built inte 
these components, still keeping weight to a mir:i- 
mum, the designer must analyze the stresses <o 
which the component will be subjected and base 
his design (partially) upon these considerations. 

Since many weapon systems compcnents are 
cylindrical or nearly so, (e.g., gun tubes, pro- 
jectiles, missile fuel tanks, rocket engine combus- 
tion chambers) this chapter presents a review 
of the stress analysis of cylindrical configurations 
in general, followed by specific discussions of 
stresses in gun tubes and artillery projectiles. 
Principles discussed in relation to these examples 
can readily be applied to other cylindrical com- 
ponents. 


6-2 BASIC CONSIDERATIONS 


When a rigid body is subjected to applied 
stresses in several directions at one time, the true 
criterion which determines failure under such 
complex conditions is in doubt. It will be shown 
later that, under such conditions, each stress 
modifies the strain produced by every other 
stress, and there may be stresses in particular 
directions in excess of the elastic limit, whereas 
the resultant strains in these directions remain 
less than the strain corresponding to the elastic 
limit. It is also possible that conditions may be 
such that the resultant strain is excessive, while 
the stress in the same direction is below the 
elastic limit. Hooke's law, stating that stress is 
proportional to strain, is applicable only for an 
applied !oad, and the corresponding strain, in 
one direction. 

Among the number of theories which have 
been advanced relative to the conditions caus- 
ing failure, some of the better known ones are: 
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the maximum stress theory, which is based solely 
on the maximum prin“ipal stress; the maximum 
strain theory, which states that plastic flow wil! 
occur when the strain in any direction exceeds 
the strain corresponding to the elastic limit; the 
maximum shear theory, which is based on the 
greatest difference between the principal stresses; 
Mohr’s Theory and the Von Mises-Hencky 
Theory, which are based on special interpreta- 
tions of shearing stresses. 

Any one of these theories probably could be 
used successfully in designing cylindrica! corn- 
ponents provided the proper interpretations 
were made and the safety factor adjusted ac- 
cordingly. ia the design of gun tubes and pro- 
jectiles the Army Ordnance Corps and the Navy 
Bureau cf Ordnaiace have adopted the maximuna 
strain theory. This theory has equal application 
to conbustion chs::ber walls end other con:- 
ponents. The folkewing basic principle will be 
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adapted based on this theory: 


NO PART OF THE C}\LINDER SHOULD BE 
STRAINED BEYOND THE STRAIN CORRE- 
SPONDING TO THE ELASTIC LIMIT 
OF THE METAL 


Failure, therefore, is considered to have occurred 
when any part of the metal is permanently de- 


formed, usually evidenced by a permanent en- 
largement of the diameter. 

Before discussing further the component de- 
sign one must develop the tools for applying this 
principle. More exactly, the relationships gov- 
erning the magnitudes and distribution of stresses 
and strains in a thick-walled cylinder subjected 
to internal and/or external pressure must be es- 
tablished. 


6-3 BASIC THEORY 


Simple stresses. Hooke’s law states that up to 
the clastic limit, stress is proportional to strain, 


: ee : ; 
or more particular!y E = —. This basic state- 
€ 


ment relates a simple or unidirectional stress to 
the strain in the direction of the applied stress 
(see Figures 6-1 and 6-2). If against a cube of 
steel (modulus of elasticity, Z, equal to 30 x 10° 
psi) one inch on a side, a stress equal tv the elas- 
tic limit (100,000 psi, Figure 6-1) is applied, 


6-3.1 POISSON’S RATIO (x) 


Poisson, upon investigating the relationship of 
stress and strain in various mate-ials, determined 
that an applied stress ia one direction catised no* 
caly a strain in that direction but also strains in 
the perpendicular directions and that these 
strains were proporticne!. The specific ratio for 


i= oR, 
100, 000 


atress 
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re 


ny 
-03 .05 .07 
Strain (in/in) 
Fig. 6-1 Stress-strain diagram 
(mild steel). 


100, 000 psi 


the cube will elongate approximately 0.003 
inches in the direction of the applied stress and 
measure in this direction approximately 1.008 
inches. Upon release of this stress, the block 
will again measure 1 inch on a side. It is to be 
noted, however, that to obtain this elongation 
in the direction of the applied stress, there 
existed along the y and z axis a decrease in di- 
mensions (Figure €-2). 


steel has been determined to be approximately 
4%. From this relationship it may be seen (Fig- 
uze 6-2) that the strain along the y and z axis 
3 
in lencth of either of these sides making them 
then approximately 0.999 inches long. 


and will be a decrease 





: 1 
will then measure 
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Fig. 6-2 Cube of gun stec!, ona inch on a side. 
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Fig. 6-3 Stress convention. 


6-3.2 EQUIVALENT UNIDIRECTIONAL 


The total strain to which most engineering 
materials are subjected does not result, however, 
from a single stress applied in but one direction, 
but is normally a strain resulting from simple 
simultaneous stresses of varying magnitude and 
sense which may be applied as resultants along 
the three coordinate axis system. To beiter 
visualize this, consider the cube of Figure 6-3, 
with the arrows indicating the positive direction 
of _S, (radial), S, (tangential) and S, (longi- 
tudinal) stresses. In the condition of simple 
stresses (Figure 6-2), it was seen that a stress 
along one axis, t, resulted i: a unit elongation in 
that direction as well as a proporticnal decrease 
in dimensions in acco:dance with Poisson's ratio 
in the ¢ and | directions. In the condition of 
stresses applied simultaneously is: all of the three 
coordinate directions, however, a resultant strain 
in a degree varying from that realized by a 
single stress will result. 

Assuming that stresses are applied in the r, ¢, 
and | directions and in a positive sense as in- 
dicated by the arrows, the resultant total strain, 


¢, which would result in the tangential direc- 
tion is then represented by (6-1). 


“= - [S: — us, -— 81] (6-1) 


Using a similar analysis, (6-2) and (6-3) may be 
determined for the resultant strains ii, the radial 
and longitudinal directions: 


= : [8 — u8: — us) (6-2) 


ey = ; {a —~ ps. us, (6-3) 


The fictitizus tensile stress which, acting alone 
in the ¢ a:rection, would produce the strain «, 
is &, = Fe,. Similarly, 3, = Ee, and %, = Ec, are 
stresses which, if acting aione, would produce the 
strains «, and «. These fictitious stresses are 


‘called equivalent unidirectional stresses. The 


equivalent un:directional stresses are: 


2. = Ee, = [s — ps8, — psi] (6-4) 
Z, = Ee, = [8 — us, — ped (6-5) 
= Fe = (3, — ps, — us] (6-6) 


With these basic principles in mind the stresses 
in the walls of cylinders can now be determined. 


6-4 STRESSES DUE TO INTERNAL OR EXTERNAL PRESSURES 


The major military application of thick walled 
cylinders is in artillery gun tubes. Therefore, 


63 


the discussion of thick walled cylinders will be 


directed toward the solution of the problem for 
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Fig. 6-4 Principal stresses in a gun tube. 


a gun tube. 

First, (6-4), (6-5), and (6-6) will be modi- 
fied to conform more nearly to the actual case of 
a gun tube under the- stresses of firing. In an 
open cylinder there should be 10 principal longi- 
tudinal stress. Although a gur: tube is neither 
a completely open nor a completely closed cylin- 
der, it will be assumed to act as an open cylinder 
because it acts very nearly as one. This assump- 
tion that s, equals zero, although not strictly 
true, errs on the side of salety, in that it causes 
the tangential strain «, usually the deciding fac- 
tor in the safety ‘or failure of a tube, to appear 
larger than it actually is. With s, = 0 (6-4), 
(6-5), and (€-6) become: 


2; = Ze = 8; — ps, (6-7) 
2, = Ee, = 8 —~ pS (6-8) 
Z,= Re = —yps, — pi (6-9) 


These are equivalent unidirectional stresses. 
They are not actually existing stresses anc should 
be clearly distinguished from the principal 
stresses, $,, 5,, and s,, which are the actual stresses 
to which the metal is subjected. 

The values »* the principie stresses s, and s, 
and their dependence on geometry and pressures 
inside the tube can be found by making three 
basic assumptions: (1) that the tube is com- 
posed of concentric thin-shelled cylinders: (2) 
that the strains of all longitudinal fibers of the 
tube are equal, ie., that a plane transverse sec- 
tion remains plane and parallel to itself; and (<)} 
that fibers act homogeneously throughout 361° 


6-4 


Let Figure 6-4(a) represent the cross section 
of a gun tube subjected ‘o internal and external 
pressures p, and j)., respectively. Consider (Fig- 
ure 6-4 (b) ) the forces acting on one-half of one 
of the imaginary concentric shells of which the 
thick cylinder is assumed to be composed. The 
imaginary shell has a radius r, and a thickness 
dr; the stress on the inner surface is s, and that 
on the outer surface is (s, + ds,), where ds, is 
the increment in s, in the distance «dr due to the 
difference of pressure p, at the inner surface of 
the tube, and p, at the outer surface. Since the 
half shell is in equilibrium. the sum of the com- 
ponents, ‘n the direction of s,, of a'l forces acting 
on the helf shell must be equal to zero; or, what 
is the same thing, the resultant Jf the ferces on 
the inner and outer surfaces of the halt shell must 
be equal to the total circumferential (tangential ) 
force un a diametral plane. For convenience. 
the Jength of the shell is assumed to be unity. 
From these considerations the following rela- 
tionship can be found.* 


ds, 


r-- 


dr 


S, = 8, -; (0-10) ° 
This equation gives one relation between s, and 
s,; another is needed to complete the solition. 


* Actually the condition gives Iside =z: 2rs. = (5. + 
ds,) (r + dr)2, but the term dr ds. nas been neglected. 
because it is very small compared to the other quantities 
involved. 
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Ancther relation is found by using the assump- 
tion that the iongitudinal strains of all fibers are 
equal. The longitudinal strain of any longitudi- 
nal fiber due to the stresses s, and s, is 


a= i [—u8, — us.) (6-11) 


E 
But ¢, is assumed to have the same value for all 
fibers, and » and E are assumed to be constant 
in ali axes for the material. Thus, 


8, + 8, = a constant (6-12) 


Let this constant be denoted by 2a; then (6-12) 
becomes 


8 + 8, = 2a (6-13) 


yielding a second relation between s, and s,. 
Now, by combining (6-10) anc (6-13), the 
equation 
ds 


2a = 2s, +r — 
: os dr 


(6-14) 


- is obtained. But the right-hand member of 


this equation when multiplied by r becomes the 
derivative, with respect to r, of (r's,) and hence, 
the equation may be written 


C0) _ 9. 


(6-15) 
dr 
The integration of this equation gives 
rs, = are +b (6-15) 
where b is a constant of integration. Therefore, 
&=at : (6-17) 
r? 
and, using (6-13), 
h 
s; = ao (6-18) 
r? 


The values of the constants a and b are found 
by noting thats, == --p, when r -= r,, ands, = 
-~p, when r = r,. Substituting these values suc 
cessively in) (6-17) and solving the resulting 
equations simultaneously for @ ané@ 5, one ob- 
tains the relations 

oe Pity 


and A= 
rie or? ry* 


(6-19) 


These values of a ana b may now be substituted 


6-5 








————— 


in (6-17) and (6-18) to obtain the final objec- 

tive, a pair of exrcessions for s, and s, at any 

point a distance r '.u.n the center of the cylinder. 
The expressisns are: 


e = | eat = pats? 
sg, =] fea 
r,? = rae 


= 


+ ri?rg? (pi = Pr) i (6-20) 
rt — nr? r? 
and 
, - [este] 
Loman y 
2 ta. t 
“2 [ rst (pu = po = (6-21) 
- ry? = ry? r2 


It is seen that <‘:e maximum value of s, occurs 
at the inner surface where r has its minimum 
value, r,. The stress s, is always a compressive 
stress, and its maximum value will always be the 
larger of the two pressures p, and p,. 

The magnitudes of the equivclent unidirec- 
tional stresses cietermine the success or failure 
of a gun tube. Substituting the expressions given 
by (6-20) and (6-21) for s, aud s, in (6-7) and 
(6-8) the follow.ng fundaments] equations of 
gun tube designs are obta.red: 


Png peat aa 2 
3 r,? = r? 


wtp kf, 7) 
+2 [ ier pd) 1 gon 
3 ade Sa 
Sub Ee ne] 
‘ r? —r,* 
ie ‘ rors? (pi - Ps) i (6-23) 
3 ry? — r:? r? 


The eqution for the equivalent longitudinal 
stress has been omitted fierce, because that stress 
is never the decisive one in the investigation of 
tube safety. 

Revail that these stresses are orly hypothetical, 
that what actually exists is a state of strain whos 
componesy: in tic respective directions are o, 
«, and «. Multiplications of these straias = E 
te obtain the equivalent: Unidir-ctionai stro es 
given shove. is simply a convenient device. en- 
able us to use dire tly the elasthe imi ce che 
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gun steel in applying the basic principle of tube 
du: ign. According to the maximum strain theory, 
if any of these equivalent stresses exceeds the 
elastic limit, the tube will fail. 


In the above equations the independent vari- 
able is r, the raclius to the point being consicered; 
thus, for a given tube under specified pressures 
we can, by substituting the given conditions in 
the equatiuns and varying r, investigate the con- 
dition of the stress at any radius. In all the 
equations a positive result for the equivalent 
unidirectional stress indicates tension, and a 
negative result indicates compression. 


For a single cylinder of any dimensions, with 
any assumed values of p, and p,, it can be shown 
that at the inside surface of the cylinder (r = r,) 
there will be a combined equivalent stress equal 
to or exceeding in numerical value any com- 
bined equivalent stress at the outside surface of 
the cylinder (r = r,). And this maximum equiva- 
lent stress is always one of the following, de- 
pending on the values of p, and p,; tangential 
compression, tangential tension, or radial com- 
pression. The conditions which must be met 
for the equivalent radial stress to be the greatest 
of these is 


2 
1<B<(2) 
Ps ry 
It follows that for a monobloc tube (one cylin- 
der), where p, = 0, it is necessary to consider 
only the equivaient tangential stress at the inside 
surface in investigating the safety of the tube. 


It is of interest to note that there is a maximum 
chamber pressure which a given caliber mono- 
bloc weapon can be designed to withstand. 
Increasing wall thickness will not bring a corre- 
sponding incresse in allowable interior pressure. 
Consicer (6-22) rewritten in the following fcrin: 


(6-24) 


4 [7ri? (pi — ps) | 1 
+ 3 ry? r? 
1-4 
"3 


For a monobloc tube, with p, = 0, maximum 
stress will occur at r,, and (6-24) becomes, 


ri? 
Pia 4f ps ] 
aS + & peice =i Sa 
p- my 387, mn 
T?? rs] 


Similarly, the allowable pressure 


[ ry? 
3 mt ~ rr? | 


3 tt 

=- >,——— =-2 a 
Bi 2 ryt + Ore? 2 ‘ ry? 

+2 

T3 : 


If r, is made very much larger than r,, then 


a= : (6-25) 





p— = : Ze (6-26) 
Equation (6-26) illustrates that for a very thick 
walled cylincer, if interior pressure exceeds % 
the elastic limit of the metal, the cylinder will 
deform inelastically, and further increase of r, 
will not contain « greater interior pressure. 

Figure 6-5 illust.ates %, as a function of maxi- 
mum allowable intvrior pressure in terms of wall 
thickness expressed in calibers. 


he ue 


Ew 
3! 7 
fe rr) : 
if 
fe 
‘i 
@ .a .§ 1,0 L$ 


Fig. 6-5 Effect of wall thickness on 
allowable maximum powder pressure. 


6-3 SOME ILLUSTRATIVE EXAMPLE: 


(a) Interior Pressure Only (Figure 6-6). Con- 
sider a tube in which 


fr, = 02 in. 
f, = 05 in. 


P, = 50,000 psi 
Dp. = 0 


These are ajproximately the conditions at the 


chamber of the cal. .30 rifle, M-1, when the rifle 


“y 
! 


(): 


~aw 











i 
| 
i 
4 











STRESS ANALYSIS IN CYLINDERS 


is fired. Substituting the values above into 
(6-22) the equivalent tangential stress is found 
to be: 


ee (Beenie 0080") 


3\ (0.5)? — 0.2)? _ 


4 (is (0.5)? (50,000 — ») i 
"3\ (05)? — (0.2)? 7 


= 6350 + 3175 4 


At the inside surface (r = r, = 0.2 in.) 
2,,, = 85,725 psi (tension) 

At the outside surface (r = r, = 0.5 in.) 
21. = 19,050 psi (tension) 


Intermediate points on the stress versus radius 
eurve may be found by using interr ‘liate values 
of r, The curve is concave upy... 1 (Figure 
8-6(a) ). 

A graph of the equivalent radial stre:ses is 
shown in Figure 6-6(b‘. Values for tii. curve 
are obtained Ly making, in (6-23), the same sub- 
stituticas used above. It is seen that al) the 
stresses obtained are well within the elastic limit 
of yun steels, which in many cases, exceeds 
1M),°00 nsi. 

(b) Interior Presse Only. Consider the de- 
sign of an 8-inch gun tube (r, = 4 in.) to with- 
stand the same interio: pressure as the M-1 barrel 
ubove. Further, suppose that the maximum 
equivalent tangentia! stress is not to exceed that 
obtained abov.: in the case of the M-1, namely, 
85,725 psi, ie., assume the same elastic limit and 


gees ihe same factor of safety. How thick must the 


wall be? Will the same thickness, 0.3 inches, be 


sufficient? Substituting the values 
: a 
r=r, = 4in. 
Pp, = 50,000 psi 
p, = 0 
into (6-22) 
Di, = 85,725 = 2 | 80,000(4)* ~ 0(2) 
3 (x)? — (4)? 
oe 2 p)2 aes 
) 4 (4)?(z) oo 0) ey 
begs 3 (x)? — (4)? (4)? 


Sa AB eR a aa ARR taney EOS AE RO AER REO ER oP eee: 
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@ Tangential 
20,000 
0. = 
2,000 
Q) Radial vA 
60,000 


Fig. 6-6 Equivalent unidirectional 
stresses. 


whence z = 9.998 in. = r¢. 


This means that the 8-inch gun tube must have 
a wall thickness of almost 6 inches if it is to con- 
tain as much pressure as the M-1 rifle, with its 
0.3-inch wall. Actually, for a given interior pres- 
sure and elastic limit the wall thickness is propor- 
tional to the inside radius. The 8-inch gun tube, 
under these conditions, would be excessively 
large (approximately 20 inches, outside diam- 
eter) ana heavy. Practically, we must reduce 
the pressure, get higher strength steels, use other 
techniques of design, or follow a combination of 
these procedures to overcoine this difficulty and 
make the gun sufficiently light and mobile. Note 
that it is the inner fibers ot the gun tube that 
bear most of the stress. We would gair: in tube 
strength if the outer fibers could be utilized more 
fully. 

(c) Both Interior and Exterior Pressui>s. As- 
sume that, by some mears, an exterior pressure 
of 20,000 psi can be applied to the 8-inch gun 


co vatgt os team Met be han Xe tated ema 


i 
t 
t 
\ 











OR EN OEIC BIL Sete on LETTS AOS th Rn mem came 


nate 


compe ee ee caren nem an ane oa em 


seer ntee nE ean aeaines RBH Oe ts nen kee te 


WEAPON SYSTEMS 





tube of the preceding example. What should 
the thickness of the wall be then? 
From (6-16): 


Zt, = 83,725 = 3 


= 20,000( (x)? 
a 4)? 


af ar ayng0.00 — men 20,000) | 1 
he = tay | a? 
whence 
x= 3.079 in. = re. 


(Only the equivalent tangential stress has been 
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considered as a basis for this calcutatioh, because 
it is the largest equivalent stress in this case. In 
general, owever, one should examine a problem 
carefully to ascertain whether or not this is so.) 
We have now a wail thickness of 1.679 inches, as 
compared to the 6-inch wall needed when 20 
exterior pressure was applied. The outer fibers 
have been utilized more fally: but we have yet 
to work out the means for applying the external 
pressure. These means usually involve adding 
components with considerable weight. but there 
is still a large net reduction in weight. 


6-6 SUILT-UP GUNS 


To put the lesson of examples (b) and {c) 
Par. 6-5 in another form, the equivalent stresses, 
both tangential and radial, set up in a gun tube 
of prescribed radius and wall thickness by the 
action of an interior pressure, may be greatly 
reduced if an exterior pressure is caused te act 
at the same time. (Similarly, the equivalent 
stresses due to 2n exterior pressure are mudified 
if an interior pressure acts at the same time.) 
This irnplies that, if the tube could be squeeved 
initially causing tangential compression. then tne 
internal gas pressure applied when firing takes 
place would first have to overcome this compres- 
sion in the tube before it could stretch the tube 
tangentially in tension (Figure 6-7). This would 
succeed in extending the range of alluwable gas 
pressure with the same weight and wail thick- 
ness of tube, solving one of the designer's maicr 
robiers. 

There are several ways in whic this idea has 
been put to use in actual gun Jesign. The er- 
ternal pressure may be applied by a tight wrap- 
ping of high tensile strength wire around the 
tuhe A cald-worl.: ing process, to he discussed 
later, in which a tube forging or casting is ini- 
tially stressed by applying hydraulic sressure to 
the inside of the bore, is, in part, another appti- 
cation of this idea. Still another way of obtain- 
ing this desired squeeze on a gun tube involves 
the shrinking: of a concentric cylinder, called a 
jacket or a hoop, around the tube. In this method 
the inside diameter of the jacket is made slightly 
smaller than the outsine diameter of the tube. 


6-8 


The jacket is then expanded by heat until it fits 
over the tube. Later, as it cocls, the jacket tries 
to shrink back to original size and s2 squeezes 
the tube into a state of compr2ssion. More than 
one jacket may be used where necessary. This 
solution to the problem is called the built-up 
method of gun construction. 


When a built-up gun is at rest (not firing) 
there is, considering tergential stresses, a com- 
pressive stress on the tuh> due to che shrunk 
jacket and a tensile stress in the jacket due to 
the tube. When th? gun is fired there is de- 
veloped, in addition te the stresses mentioned 
above, tangential tensile stress in both tube and 
j. cket due to the gas pressure within the bore. 
It ir the algebraic sim of tnese superimposed 
effects which must not exceed safe limits if the 
gun is to succeed. In both the rest condition 
and the fring condition, the radial stresses in the 
‘ube and jacket are comnressive and again, the 
-um of the stresses under the two superimposed 
conditions must &2 within prescribed limits. Ac- 
cording to the condition stated in Par. 6-4, it is 
necessary to consider the follo-ving cases ia in- 
vestigating the safecy of the components of a 
Lailt-up gun: 

(1) For the tube (and any intezior jackets), 
the equivalent tangential and radial stresses at 
the insiae surface. 

(2) For the (eatecio ) jackei (p, = 0), only 
the eauivalent tangertial stress at the inside 
surface. 
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can tolerate only this 
total stress resulting 
from gas pressure if 
metal rear bore is not 
pre-compressed 


maximum allowable tension (elastic limit 


~ hefore firing 


can tolerate “his tote! 
stress resulting from 
gas pressure if metal 
near bore is pre- 
compressed 


Fig. 6-7 Effect of precompression. 


6-7 CALCULATIONS IN SUILT-UIP GUNS 


When a built-up gun is at rest (Figure 6-8), 
the only stresses present result from the shrink- 
age pressure (p,). Maximum compressive tan- 
gential stress occurs at the inner surface, of the 
tuv2, and maximum tangential tensile stress oc- 
curs at the inner surface of the jacket. To find 
the tangeniial and radial equivalent stresses on 
the tube and jacket (6-22) and (6-23) must be 
applied separately to the tube and to the jacket, 
taking care to use the pressures and radii appro- 
priate to the element considered. 

There are two free body diagrams that apply 
to the built-up gun at rest (Figure 6-9). 

Wher the gun is in action there is super- 
imposed a stress condition due to the gas pres- 
sure in the bore. This stress is computed as if the 
tube and jacket were simply a single piece 
(Figure 6-10). 

The total stress at any point when the gun is 
ix. action is then the algebraic sum of the stress 
due to shrinkage pressure and the stress due to 
gas pressure. The stresses throughout the tube 
and jacket when the gun is in action are obtained, 
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Fig. 6-8 %, due to shrinkoge pressure 


only (symbol 3,,). 
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are 


\ P2 





— Sse ew ewe @ = 


0 (atmospheric) 
p, (shrinkage 
pressure) 


Py 
P2 


Pp, = Pp, (shrinkaye 
pressure) 
p., = O (atmospheric) 


Fig. 6-9 Gun at rest. 





Fig. 6-10 %, due fo powder gas pressure 
only (symbol %,,). 


therefore, b; combining the curves in Figures 6-8 
and 6-10 (see Figure 6-11). 

It is apparent from the above figures that by 
putting the metal of the tube in an initial state 
of compression there can be tolerated a change 
in stress due to gas pressure (%,,) which is 


Elastic 
Limit 


Stress 





Fig. 6-11 %, when gun is in action (%,,/. 
X,, = 3, eve to shrinkage 
pressure; 
3, = 3, due ‘9 propellant 
pressure. 


greater than the elastic limit of the metal, and 
yet the metal is not actually stressed beyond its 
elastic limit. Note that {! the tube and jacket 
are considered as a unit, then we have put the 
outer fibers of the unit to work to a greater de- 
gree to relieve the hard-pressed inner fibers. 
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To summarize, in solving built-up problems: _ pellent gases only, consider tube jacket as one 
(a) To determine any stress caused by shrink- _ cylinder. 
age pressure only, consider tube ani jacket (c) To determine any stress caused Ly gas 
separately. pressure and shrinkage pressure jcintly, combine 
(b) To determine any stress caused by pro- steps (a) and (b) above. 
6-8 (ZLLUSTRATIVE PROBLEM 
GIVEN: A.szction of a two cylinder built-up add them algebraically. Maximum stress for the 
gun with dimeasions and pressures as indicated. _ tube will occur at the inner radius (1r,) and for 
the jacket at r,. 
The problem can most conveniently be solved 
by constructing a table similar to Table 6-1. 
r, = 3 in. Thus the stresses at the inner radius of the 
r, = Sin. tube and jacket, at rest and in action, can be 
r, = 8 in. computed using (6-22). Total in-action stresses 
p, = 8907 psi can then be computed by adding algebraically 
the stress due to shrinkage pressure at either 
radius to the stress due to gas pressure at the 
same radius. Successive substitution of the 
aa whieh: the gunk ection: the dwder waa tones: _ in the table into (6-22) yields the follow 
pO } sure is 40,000 psi B 
KEQUIRED: Find the maximum equivalent 31 = 27,800 psi 
tangential stress in the tube and the jacket with 21 = 66,400 psi 
the gun in action (%,,). Sie == 2,886 psi 
SOLUTION: The in-aciion stress in any part Zi, = 26,870 psi 
of vs gun has two components: (1) fat due Thus it is seen that the in-action stress at 1, is 
tc shrinkage pressure, and (2) that due to gas 
pressure. Find each component separately and %,, = 86,400 — 27,800 = 38,600 psi 
TABLE 6-1 CALCULATION TOR IN-ACTION STRESS 
pe Cylinder | Pressure 
Considered whl to 
F ee Shine 
Tube (Rest) 
Only Gas 
(In Action) 
Shrinkage 
Jacket (Rest) 
¢ Only Gas 
i ) | (In Action) 
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Similarly the in-action stress at 1, is 
3,, = 26,670 + 23,300 ~ 50,000 psi 
vor the built-up gun, then, inaximum stress 


will not necessarily occur at the inner radius, but 
may occur at the surface between the tube and 
the jacket. 


6-9 EFFECT OF OVERSTRAIN OF METAL 


Anotrer method for obtaining greater pres- 
sure limits for gun tubes, a cold-working process, 
depends for its strengthening of the tube partly 
upon a jacketing effect, putting the fibers near 
the bore in a state of compression, and partly 
upon an increased elastic limit in the metal due 
to the cold-working. While the method itself 
will be discussed in the following paragraph, it 
will be helpful to review beforehand its under- 
lying principle and recall briefly what happens 
when a metal is overstrained, but not to the point 
of rupture. 

When the elastic limit of metal is exceeded, 
the proportionality between stress and_ strain, 
which existed below the elastic limit, no longer 
holds true. The metal becomes partially plastic, 
showing an increased but varying ratio of strain 
to stress. The stress-strain diagram shown in 
Figure 6-12 illustrates the influence cf cold- 
working on elastic limit and yield strength. If 
the stress applied to this steel is carried beyond 
‘he elastic limit located at A to scme point 3 and 
then released, the metal will partially regain its 
original size along the path BG (Parallel to AO). 


and OG will then represent the resultant perma- 
nent deformaticn. If the metal is now restressed, 
it will follow the new path of elastic deforma- 
tion GB, and permanent deformation will begin, 
this time at B. Thus the new elastic limit at B 
is at a higher stress than the original, and the 
yield strength is correspondingly increased. In 
obtaining these gains, however, part of the duc- 
tility and toughness of the metal is sacrificed. 


Be 4 New Elastic Limit 
Aftac Cold Working 


Original Eltastis Limit 


Senin 


Strein (insin) 


Steeee (psi) 





a oe’ 


Fig. 6-12 Typrcal stress-strain diagram for 
cold-worked gun steel. 


6-10 COLD-WORKFD GUN TUBES 


As was mentioned earlier, a coi,. vorked gun 
tube has increased elastic strength due to two 
causes. Part of the gain is due to strait harden- 
ing, discussed in Par. 6-9, and shows up as an 
actual increase in the yield strength which can 
be measured by tensile tests. The remainder of 
the gain results from the residual tangential 
stresses lett in the meterial after the pressure is 
released. 

In the cold-working process the unfinished 
tube, without being heated, is stressed beyond 
its elastic limit by hydraulic pressure applied to 
the bore. According to Par. 6-9 and Figure 6-12, 


6-12 


when the hydraulic pressure is released the tube 
is left with some permanent set and an increased 
elastic limit. Figure 6-13 shows the tangential 
stresses involve:) ins a typical cold-worked tube, 
plotted as functions of the radius. (It has been 
stated in Par, 3-4 that, with only interior pres- 
sure acting, the equivalent stress is greatest in 
the tangential direction. ) 

‘rhe new elastic limit, coinciding approximately 
with the ctress developzd during cold-working, is 
shown by curve (a). Note that it is not constant 
throughout the wail of the tube, but decreases as 
the radius increases, being greatest at the inner 
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Original 
Elastic 
Limit 
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STRESS 
> 
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& 
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Ug (Stress due to gas pressure) 


New Elastic Limit (a) 
Xp (Resultant Stress) 


l 
Resi 
Yr ( Es baa due to Cold 


Fig. 6-13 Stresses in cold worked tube. 


surface where the meta! was overstrained the 
most. The permanent set cused by the over- 
strain, also greatest where the overstrain was the 
greatest, causes the fibers toward the inside of 
the tube to resist the attempt of the outer fibers 
to return more nearly te the original dimension. 
Thus, the metal of the tube contains internal 
stresses called residual stresses, and the metal 
near the bore is in compression while th .t near 
the outside surface is in tension. Curve (b) 
shows a typical distribution of these residual 
stresses. For equilibrium, the curve must cross 
the axis of zero stress at some point r,, and the 
are2 between the tension branch of the curve 
and the axis must equal the area between the 
compression branch and the axis. This residual 
stress correspouds co the shrinkage stress in the 
cylinders of a built-up gun at rest. In fact, a 
cold-worked gun will have the same distribution 


of residual stress as would be found in a gun 
built-up of an infinite number of layers. 

The actual stresses in a built-up gun in action 
ave the algebraic sum of the stresses due to 
shrinkage (residual stresses in a cold-worked 
gun) and those due to the propellent gas pres- 
sure. Exactly the same principle holds true for 
the cold-worked gun. Thus, the equivalent stress 
when the gun is in action, <,,, is obtained by add- 
ing algebraically the equiv:.lent stress due to gas 
pressure, %,,, and the residual stress, curve (b). 
The in-action stress %,, must not exceed the new 
elastic limit, curve (a), if the gun i3 to succeed. 
In computing stress due to gas pressure, the 
eq::ations developed earlier in this chapter are 
aprlicable because the metal is perfectly elastic 
within its new elastic Jmit. 

The eect due to th. residual stresses is known 
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by the French name autofrettage, which means, 
literally, self hooping. From Figure 6-18, it is 
seen that there is a hoop of residual tension on 
the outside and a hoop of residual compression 
at the bore. The entire process described in this 
paragraph, us 2 matter of fact, is sometimes called 
the autofrettage process. 

The autofrettage process as used by the U.S. 
Navy and foreign nations, however, invoives 
lower pressures with smaller expansion than that 
employed by the U.S. Army. In those processes, 
strength is gained largely from autofrettage with 


6-11 


The equations of Par. 6-4 are anslicable to 
cylinders regardiess of wall thickness. If the 
wall thickness is decreased in proportion to the 
inner radius until it is in the vicinity of 1/10 
the radius, (6-20) can be greatly simplified. 

Consider (6-20), letting r = r, in order to ob- 
tain maximum tangen‘ial stress. 


2 2 
wo PIT P's 
rt— 7? 


Pits? — pars? 


8 
r;? = ri? 


Now let p, = 0, the case when external pres- 
sure is atmospheric and internal pressure much 
greater than atmospheric, 





r;? 
oe Pt) pn | tal 
r—rn  onmonb rte | 


(y+ 
"a is 


- (6-27) 


r . 
as — 1, it can be seen that 


Pere te 
fanmrs 
; . . ._ Steneed 
The following table lists values cf the ratio ra 
tthe 


for decreasing values of -. 








little being gained from strain hardening. To 
differentiate, the Army generally speaks of its 
process as cold-working. 

A thick-walled cylinder which has been cold- 
worked, and then properly heat-treated, will 
withstand the subsequent application of any 
bore pressure which does not exceed the pressure 
applied to accomplish the cold-working. In gen- 
eral, the allowable pressure is almost doubled. 
Of this increase, about half is due to the increase 
in the elastic limit and the other half to the resi- 
dual stress condition. 


THIN WALLED CYLINDERS 


T 
Ty 


2 15 13 12 115 Li 1.05 


“het 167 12 LIT LAL 1.08 1.05 1.03 
Seeain 

From this table it can be seen that if wall thick- 
ness is less than 1/10 the inner radius, tangential 
stresc can be calculated using this simplified re- 
lationship 


Dari \ 

8, = Ah (6-28) 
The resulting error is about 5 percent. 

Since +, is very nearly equal to r, in the thin 
wailed cylinder, tangential stress is considered 
to be uniform across the wall of the cylinder. 
Furthermore, from (6-21), radial c-ress at r, is 
equa! to p,, the internal pressure. Fromm (6-28) 


If 2 is oaly slightly greater than 1, s, will be 
much greater than p,, and consequer‘ly s,. For 
this reason, radial stresses in a thin wailed cylin- 
der can be neglected. 

‘* remains only to evaluate p,, the internal 
pres:cre, to determine stresses in the wall of a 
thin ~alled cylinder. 
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5-12 STRESSES IN A ROTATING PROJECTILE 


Before a projectile can be soundly designed, 
the forces which act on it and the stresses they 
produce must be thoroughly understood. ‘This 
requires more than just familiarity with the 
formulas involve, for until the nature of the 
stresses resulting from setback and centrifugal 
force is mastered, no intelligent approach to the 
cesign problem can be made. 

In high explosive shells the designer endeavors 
to produce a projectile witi adequate wall 
strength and yet capable of holding the greatest 
amount of explosive filler possible. Naturally, 
each of these factors interferes to some extent 
with the other, and hence some compromise must 
be made. The question, then, is how thick the 
projectile wall must be to withstand, without 
failure, the maximum resultant stress set up by 
all the forces acting. 

Assuming that the strongest most suitable ma- 
terial is used, the problem reduces to one of 
determining the optimum wall thickness for 
every section of the projectile. Examination of 
standard projectiles which have been section- 
alized will rev 2a] that shell walls are not of uni- 
form thickness throughout, but rather, thickest 
wherever the cverall resultant stress is greatest. 
For obvivus reasons, stresses in projectile walls 
are calculated by sections, and the following dis- 
cussion of the forces encountered and the nature 
ot the siresses they produce is presented as a 
practical aid towards understanding and apply- 
ing design formulas. 










= wrsst 


| j pressure 





SZ 


When a projectile under the action of the pro- 
pellent gases moves forward in the bore, the 
property of inertia causes it to resist any force 
which tends to move it., This resistance naturally 
sets up within the projectile walls stresses whose 
magnitude in any section depend:. »pon the mass 
ahead of that section and the acceleration of the 
projectile at the instant under consideration. The 
force which produces these strzsses is called set- 
back, and for any section, is a mav:mum fox that 
section when the acceleration is greatest; that is, 
at the instant the propellent gas pressure reaches 
its maximum value (Figure 6-14). 

The setback force aise affects the explosive 
filler but not in the same way, for this substance 
behaves mere like a liquid than it does a solid. 
In this connection, setback preduces within the 
explosive charg:. a hydraulic pressure which is 
transmitted equally in all directions. Of special 
significance is the hydraulic pres-ure which is 
transmitted radially against the shell wall pro- 
ducing additional stresses therein. 

Ir addition to translation, ine rapidly expand- 
ing propellent gases cause the ritliug to impart 
rotation to the projectile, a factor which results 
in wall stresses created in cwo slightly different 
ways. One set of stresses results from centritugal 
force acting on the wall itself while the other set 
is produced by centrifugal force acting on the 
explosive filler, cavsing it to exert an additional 
pressure on the shel! wall. 
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Fig. 6-14 Velocity and pressive a8 tu. ‘ions of projectile trovel. 
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6-13 CALCULATIONS 


6-13.1 STRESSES RESULTING 


FROM SETBACK 
(a) Setback of projectile exclusive of explosive 
filler. 
Stresses calculated previously in this chapter 
had as their basis a uniformly distributed internal 


and/or external pressure. When a projectile is 


subjected to setback, there is a stress induced in 
the wall due to the inertia of the wall. This stress 
is longitudinal and compressive. The calculation 
of this stress involves first the determination of 
the force exerted on a transverse section by the 
accelerated weight of that portion of the pro- 
jectile ahead of this section. This force is then 
divided by the area of the section to detex:.ine 
the stress. 

(b) Stress in projectile walls resulting from 
setback of explosive filler. 

Since the explosive filler acts as a fluid (Par. 
6-12) it will exert a pressure radially against the 
projectile walls. This pressure must be calcu- 
lated, then (6-28) can be used to find the tan- 
gential stress. 


6-13.2 STRESSES RESULTING 
FROM ROTATION 


(a) Resultant tangential stress in projectile 
walls due to rotation of the explosive filler. 

This stress is determined by calculating the 
centrifugal force exerted by the filler, and divid- 
ing by the area over which it is distributed to 
determine the pressure on the walls, p,. Equation 
(8-28) will then give the stress due to this in- 
ternal pressure. 

(b) Tangeniial stress in shell walls due to 
rotation of the projectile. 

This stress is calculated by determining centri- 
fugai ferce exerted by the projectile wall as a 
function of radius. The total tar gential force act- 
ing is then calculated by double integration. 
The tangential stress can then be found by di- 
viding this tangential force by the area over 
which it is acting. 


ILLUSTRATIVE EXAMPLE 


Calculate the stresses acting at section z — =z 
(Figure 6-14) in a projectile wall given the fol- 
lowing dita: 


6-16 


2 = caliber = 3 in. 

P = maximum propellant pressure = 20,000 psi 

W = weight of projectile = 12 lb 

W'= weight of projectite ah: .d of section 
z-z=6)b 

t = wall thickness at section z — z = 1/4 in. 

Ai = density of filler -= 0.006 Ib,‘ in! 

| = distance | (Figure 6-15; consider to be 
cylindrical) = 3 in. 

v = muzzle velocity = 17C0 ft/sec 

n = rifling: 1 turn in 25 calibers 

Az == density of stee! in wall = 0.3 Ib/in? 

7, = inner wall radius = 1.25 in. ~ 

r, = outer wall radius = i.5 in. 





— 
(hatched 
area) 


Fig. 6-15 Stress in projectile 
wall due to setback acting on 
projectile. 


Additional symbols to be used 


A = cross-sectional area of bore, in.? 

@ = acceleration of projectile, ft/sec? 

3 = cross-sectional area of the projectile wall 
at section 2 — z, in.® 

f= longitudinal! force in projectile wall diz to 
setback, lb 

W,~ weight of explosive filler shead of section 
z—-—2zlb 

P, = hydraulic pressure exerted by W’,, psi 

F, = centrifugal force o. filler agninst projectile 
wall, Ib 


P, = pressure against wall due to centrifuga! 
force acting on filler, psi 
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w =o velocity of projectile at muzzle, 
ians/ec 
F, = centrifugal force exerted by projectile 
body, Ib 
+ = tangential force resulting from F,, lb 
SOLUTION 


(1) First calculate the stress s, in the projec- 
tile wall due to setback acting on the projectile. 


£ sit) )z(a) 


bit 
a= 24g 
Ww 
therefore 
WRAL Wt 
Wa Writ. - 1?) 


6 X 20,000 X x X 1.5? 
12 X 7 (1.5? -— 3 25?) 
= 32,700 pe. (compressive: 
(2) Calculate the stress s, due to setback act- 
ing on the explosive filler 








m= P,—t_ = Hay ty _n 





g wry? 
— 4X IX PXA x 
W Fe Py 
_ 0.06 X 6 X 20.000 X 4X 15? 15 
12 } 
= 21,210 psi 
(3) Calculate the stress s,, due to centrifugal 
force acting on the explosive filler. 


F, ry 








8; = azaeaeo CO 
. Pr er lh 2er; rer 
but 
F. = M 1 
. 12 
af 
M = an perurct ough 
therefore 
e. 
; ) py = oun! 
Sd 249 
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now 
etrad eee 
a) 
_ 2n(rad/turn) X v(ft/eec) X 12(in./ft) 
2K(in./cal) x n (cal /turn) 
= rad/sec 
then 
i. 6 x? Aury? v? y? 
4g nt RP 
ur : 
Py = 1. 84 a; (2) . 
py = 1.84 > 6 (100 1.28 125) 354 psi 
25 xX 1.5 
1.25 ; 
= 354 x ——— = 1770 ps 
1.5 — 1.25 a 





(4) Calculate the tangential stress 5,, due to 
rotation of the projectile body (Figure 8-16). 





P 





Fig. 6-16 Cross section of pvo- 
jectils wall of urw length. C al- 
culation of stress in wall due to 
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Laity 4 | 
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now — Arr? (lL +o + c’) 
dF, = dF, sind 369 
now 
dF, = wt As r? sin dr dé 
» Be, 
2 v2 v nR : 
F, ™ — | | r* sind dr dé then 
9 Jr, Jo iw V 2 ¢ 2 
=r? om 7 2 call 2) A. +) (2) 
rs Ae | # t| co & 9 (1 + ¢ +c?) (2 R ; 
LaG Jr, 0 Let 
wt A. =. 
F, eoeet r? dr. K = £5 (1 +64 ¢%) = 3.4 for this problem 
. 7] 
F, = a? As (12? — 1”) For most sections of the projectile 4 is very 
+4 nearly unity. 
i. FP, Then 
4 
2(r2 — 11) y\’ 
2A. ¢ 2 2 se = Kd: (=) 
Pah As (v2 — r:) (72? + rats + 71?) n 
369(r — 71) When c = ! (viz, r, = fr, and the shell wall has 
_ @ As (13? + 1971 + 11’) no thicknes; j, the upper limit of K may be es- 
a = a 36g tablished as: i oN 
2 : : 
ei K = 22 +141) = 368 paed 
c = = 6.833 for this problem 
tT then 
2 
then. a= KA; (£) 
rT, = Th n 
and 1700\" 
= 34x03 (2) 
a wo Ag (ra + crs? + crs?) _ 2 25 
: 369 = 4710 psi 
6-14 “CALCULATION OF EQUIVALENT UNIDIRECTIONAL STRESS 
Having determined the individual stresses act- 8, (tangential) = 4710 psi 
ing on section z-z of the shell wall due to setback rie j 
and centrifugal force, it is now possible by using Substituting these stresses into (6-6) 
(6-4), (8-5), or (6-6) to determine the equiva- Mae (27,690) 
lent unidirectional! stress which we may use to U, = 8 -—~ — — = —32,600 —- 
determine if the projectile wail will fail. The 3 3 2 
stresses as computed are: = —41,830 
a, (longitudina!) = —32,600 psi Some appropiate failure criterion must now he 
8: (tangential) = 21,210 psi be applied to determine if this equivalent stress { 5 
8; (tangentis!) = ~- 1770 psi is within allowable limits. ees 
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&15 OTHER APPLICATIONS 


Although the specific examples discussed in 
this chapter have been entirely from the field of 
artillery, the principles are equally applicable to 
any cylinder subjected to wall stresses. Thus, 
the stresses developed in the walls of a missile 
fuel tank would be analyzed on the same basis. 
The magnitudes of the forces might be greatly 
different (rotation:] speed ind linear acceleration 


are: very much less ir most missiles) but th: prob- 
ler is essentially the same; i.e., developing a 
structure with the minimum weight to perform 
the job adequately and safely. 

Similorly, mcket engines subjecte? to interior 
pressures can be analyzed usiug the suaiions 
of Par. 6-4 or of Paz. 5-ii depending upon the 
wall thicliess of the motor. 
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CHAPTER 7 
RECOIL SYSTEMS 


7-1 GENERAL 


The stresses to which a gun carriage is sub- 
jected are caused by the action of the propellent 
gases on the breech of the gun itself. The force 
tending to move the gun to the rear may be very 
large, amounting to several million pounds in 
the major caliber weapons. If the gun were 
mounted rigidly, i.e., without any r<2oil system, 
so that neithe: gun nor carriage could move, it 
would be most difficult to build a carriage strong 
enough to withstand the firing stresses without 
rupture or overturning. Or, if the gun were 
mounted on a mobile carriage without a recoil 
system, th~ entire gun and carriage would be 
moved to the rear, and it would be necessary to 
wheel the piece back into position and relay it 
before firing again. 

To bring the carriage stresses down to a rea- 
sonable value and to obtain carziage stability, a 
recoil system is interposed betweca the gun and 
the carriage. This acts as a cushion, allowinz the 
gun tube, and sometimes part of the carriage, to 
be driven to the rear a limited controlled dis- 
tance while the carriage or the remainder of the 
carriage, remains stationary. The energy that 
goes inic recoil is expended then as work done 
by the recoiling parts in moving against the re- 
sistive force of .the cushion; and there is trans- 
mitted to the carriage cnly that resistive force 
which may be very much less than the force of 
firing. After absorbing the recoil energy over a 


convenient length, the recoil system returns the 
gun to battery for further firing. The recoil prob- 
lem, however, is not limited to artillery carriages. 
Mounts for aircraft cannen, tank artillery, and 
self-propelled artillery must be protected from 
stresses due to firing, applying techniques of 
analysis similar to those discussed here. 

The recoil system is a recent development as 
the history of cannox goes. It was invented in 
1888, by a German engineer named Haussner, 
and was put to use by the French in 1897, in the 
famous French 75. The greatly irnproved rate of 
fire and accuracy made possible by recoil sys- 
tems amounted to a revolution in artillery, and by 
the end of World War I all nations adopted 
them. 

Because gun carriages are constructed to limit 
the recoil tc a moderate length, it is necessary to 
determine all the circumstances of recoil in order 
that the forces acting at each instant may be 
known. The parts of the carriage then may be 


designed to withstand these forces and to ab- 


sorb the recoil in the desired length. Since it is 
awkward to determine directly the circumstances 
of recoil when opp»sed by the various resistances 
of the recoil system (retarded recoil), the hypo- 
thetical problem of free reccil will be solved 
first; then the effect of the resistances will be 
added. 


7-2 VELOCITY OF FREE RECOIL 


Free recoil assumes that the gun is mounted 
so that it may recoil freely; that is, without any 
resistance. On explosion of the charge, the pro- 
pellent gases act upon the whole system, includ- 
ing the recoiling parts, the projectile, and the 
propelling charge itself (the propelling charge 
including at any instant both the unburnec and 
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the gaseous portions). While the projectile is 
in the bore, if air resistance be neglected, none of 
the energy of the powder gases is expended out- 
side the system: and the momentum of the re- 
coiling parts is equal and opposite in direction 
to the momentum of the projectile and prane!- 
ring charg> 








oo nes 








ee ee rere A ee ae NI A A moe Sy RRA ET FEE ESTES EE IT + 


a SNE Wee rere mines. en ore 


WEAPON SYSTEMS AND COMPONENTS 





The assumption is made that the velocity of 
the center of mass of the products of combus- 
tion is half the velocity of the projectile; hence, 
while the projectile is in the bore, and only while 
it is in the bore, the following reaction exists: 


Ww 1/2 
Foy = (PETES 6, ot 


= (24128), (7-1) 
woere 


vy = velocity of free recoil, fi/sec 
v, = velocity of projectile, ft/sec 
W = weight of recoiling parts, lb 
p = weight of projectile, lb 

c = weight of charge, lb 


Note that the quantity pte is a constant 
for a given situation; hence 

Os & Vy. 

Since the propellent gases continue to act on 
the gun for a brief time after the projectile leaves 
the muzzie, the maximum velocity of free recoil 
will be greater than the maximum value given by 
the above equation. Based on experiments, the 
following émpirical equation has been accepted: 


V, = BY + 4700c (7-2) 
W 
where 


Vy = maximum velocity of free recoil, ft/sec 

V, +» muzzle velocity (instrumental), ft/sec 

£700 = empirical constant representing velocity 
of propellent gases after projectile 
leaves the muszle, ft/sec 


Once the maximum velocity of free recoil is 
attained, the gun would continue to recoil at this 
velocity indefinitely, since in this hypcthetical 
condition absolutely no resistance is offered. 

Because the velocity cf free recoil is directly 
proportional to the velocity of the projectile dur- 
ing the time the projectile is in the bore, it is 
possible to determine the reladonship between 
the velocity, time, and distance of free recoil 
during this time by first optaiiii, such data for 
the projectile. 

From LeDuc’s equation the velocity of a pro- 
jectile (not the recoiling parts) at any point in 
the bore is 


velocity of projectile (vp) 


7-2 


au 
b+u’ 


where a and b are empirical constants (see Chap- 
ter 2, Part 2, Ballistics) and u = travel of pro- 
jectile in bore at any instant, ft. 

Figure 7-1 is a graph of (7-3). This provides 
a relation between velocity and distance; we 
want a relation between velocity and time. 





v = flu) = (7-8) 





distance of projectile travel in bore (u) 


Fig. 7-1 Plot of LeDuc’s equation. 


To obtain this, use is made of the relation 
du 


v= — 


which cen be written 
vdt = du 
or 


da the 
v 
It follows that 
t=fidu (7-4) 


From (7-3), a value of 1/0, can be found for 
each value of u. A plot can then be made of 1/v, 
versus u. This plot is shown in Figure 7-2. 

Now, from (7-4), the integral of 1/v, du is 
equal to time. Thus, for each value of u, a value 
of t can be found by measuring the area under 
the curve out to the desired value of u. This 
aree. determination can be made graphically. In 
order to avoid the infinite area resulting as the 
curve approaches the ordinate axis asymptot- 
ically, the integration is performed using some 
smal] distance, «, as the lower limit of integration, 
rather than zero; i.e., 
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area = time, secs 





Distance of: Projectile travel in bore (u) 


Fig. 7-2 al versus uy. 
Yp 


t= [ uf du 
Jy oP 

Values of v, for each value of u are known 
from (7-3). Values of t for the same values of 
u can be found from Figure 7-2. It is now pos- 
sible to plot v, as a function of t by using: these 
corresponding values of v, and t. This plot jis 
shown in Figure 7-3. 

It should be noted that we have dealt with the 
projectile so far, not the recoiling parts. This re- 
Jationship must now be aaapted to the recoiling 
parts. 

While the projectile is in the bore the velocity 
of free recoil, v,, is directly proportional to the 
velocity of the projectile, v,, as shown by (7-1); 
hence, a curve showing v, = f(t) may be plotted 








t' time (t) 
Fig. 7-4 Velocity of free recoil versus time. 
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time (t) 


Fig. 7-3 Velocity of projectile versus time. 
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out to time /%, when the projectile leaves the 
muzzie. Specifically, if the vertical scale of Fig- 


ure 7-3 be multiplied by the ratio pres, 


then the curve for v, out to time ¢’ (Figure 7-4) 
will be obtained. At the end point, v, will have 
the value v,’ corresponding to time ¢’. For con- 
venience, in the followi.g figures the velocity of 
the recoiling parts is plotted as p..sitive, although 
it is of course opposite in Cirection to the velocity 
of she projectile. The remainder ot the curve in 
Figure 7-4 from v,’ to V, is constructed by finding 
the value of V, from (7-2) above, and continu- 
ing the curve as a smooth one from v,’ to the 
point where it becomes tangent to the horizontal 
line at the height V,. There is no formula, em- 
pirical or otherwise, which wwvill yield a plot of 
this portion of the curve. It is done by eye. 
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Note that the time at which v, becomes V, is 
denoted by the symbol +. Time + is the total time 
the powder gases act on the recoiling parts. Note 
also, that since “ =t,u = f vdt and the area 
under the curve out to any time ¢ repres.1ts 
the distance of free recoil up to that time. 





4t any instant, according to Newton’s second 
law, a force F must be acting on the recoiling 
parts such that 


rFaem& 
dt 
where M is the mass of the recoiling parts. 


(7-5) 


7-3 RETARDED RECOIL—TOTAL RESISTANCE FO RECOIL CONSTANT 


In the discussion so far al! resistances to re- 
coil have been neglected. When the gun is 
mounted on a carriage, the recoil brake and other 
forces begin to act as soon as recoil begins. The 
velocity of retarded recoil is consequently less 
at each instant than the velocity of free recoil 
shown by Figure 7-4. Let us assume for the pur- 
pose of this treatment a constant resistance to 
recoil, R, acting in opposition to the force, F, 
of (7-5); therefcre, the net force acting on the 
recoiling parts will be F — R, and the following 
result ir obtained: 


F-R=M2 ‘76) 
fal) 


where v, is the velocity of retarded recoil or 
\s"ocity of actuai recoil. If both sides of (7-6) 
ave integrated with respect to time the following 
resu't is obtained: 


f§ Fal — 6 Rot = Mr, (7-7) 
since 
SFdt = Mo, 


7-4 STABILITY OF 


During the firing of a gun mounted on a mobile 
carriage there are two »pposing moments. One 
tends to overturn the gun and the other tends to 
keep it on the ground. For the gun shown in 
Figure 7-6 the center of moments is the spade at 
the end of the trail, and the gun tends to pivot 
in a vertical plane abou: this point. 


Carriage jump is undesirable as it interferes 
with rapid aiming and firing of the weapon and 


7-4 


from (7-5) and 
SRdt = Rt 
since Ff is a constant, this equation hecomes 
Mv, — Rt = Mo, 
and dividing both sides of the equation by the 
mass, M, the following equation results: 


Up = Wem Lia t (7-8) 


: ‘ : die cite ie IU 

Note that (7-8) is a velocicy equation since V 
is a force divided by a mass yielding acceleration, 
which when multiplied by time ¢, becomes a 

: « Ro, 

velocity term. it can be seen that 7 i's the 
velocity that would be attained in time ¢ if a 
force R were acting alone on a mass M. 

Areas under the v, curve in I*igure 7-5 represent 
the distance recoiled at the corresponding times, 
since the distance of retarded recoil equals the 

ty 


integral of r, with respect to time (w = | rat) 
Jto 


MOBILE CARRIAGES 


is hazardous to the crew. To prevent this jump, 
the restoring moment due te the weight of the 
gun and carriage must be greater than the over- 
turning moment cue to the recoil force. This is 
the principal consideration which determines the 
atiowable total resistance of the recoil system in 
a wheeled carriage. Artillerymen, however, arr 
willing to accept a certain amount of jump rather 
than contend with the additional weight neces- 
sarv to eliminate all jump. 
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Fig. 7-5 Velucity of retarded recoil versus time. 
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Fig. 7-6 Moments on whoeled carriage. 
With reference to Figure 7-6, let l, = lever arm of nonrecoiling parts, ft 
4 = weigh: of recoiling parts acting at their R = total resisien-e to recoil, Ib (acting 
center of gravity, t, through center of gravity of recoiling 
l, = lever urm of recoiling parts when gun is parts) 
= in battery, ft h = lever arm of R, the perpendicular distance 
{ JS We weight of r -irecoiling parts of carriage from spade to the recoil path of the center 
« acting at t+ center of gravity, Ib of gravity of W, 
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The condition for stability during recoil is 
that the overturning moment be less than or 
equal to the restoring moment. Consulting Fig- 
ure 7-6, the force R, which is the effect of the 
resistance to recoil on the carriage, multiplied 
by the distance h gives the overturning moment 
(clockwise), which must he at least balanced by 
restraining mor.ents (counterclockwise) to pro- 
vide stability. Therefore, in order to find out 
how large a value of R any given weapon can 
tolerate, clockwise and counterclockwise mo- 
ments about the spades are equated and we 
solve for R, which is the n.aximum allowable 
resistance to recoil. As the recoiling parts move 
rearward in recoil, all p»ssible values of R,, may 
be calculated. However, ordinarily it is sufficient 
to calculate A, for the in battery condition of 
the piece and the full recoil position. The value 
of R,, for the full recoil position is a smaller 
value than that for the in battery position which 
shows that a value cf R small enough to pze- 
vent juinp of the wheels in the early part of re- 
coil might still cause jump toward the end of 
recoil as the restoring moment decreases. 

In Figure 7-7 the line R,,,R,,2. indicates the 
maximum allowable values of RK plotted as « 
function of the instantaneous distance of rzcoil. 
This R,,R,. line is conveniently obtained by 
plotting R,,, for in battery above © length of re- 
coil and R,,. for full recoil above L, length of 
recoil, and connecting the two points. If the re- 
coil system be designed so that R has some con- 
stant value R,, the length of recoil will be 

R 


Resistance to Recoil 
bs] 
O 






Length of Recoil 
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determined by the wa:k necessary to stop the 
recoiling parts. Tlis work is represented on 
Figure 7-7 bv { RdL. Thus, the area oi the rec- 
tangle R.N.OL,, represents the work necessary 
.) stop the recoiling parts cf this system. Since R, 
is always less than R,, there wili be no car- 
riege jump. The margin of stability is R,—R, 
at various distances of recoil. The factor of 


¥ Ba FY . R,, 
stability is rt 


: 
The length of recoil can be further shortened 
and stability maintained if R for the in-battery 
positivn starts at some value greater than R, and 
decreases so as to be less than R,, at all points. 
The line R,R, shows such a solution. With a 
greater force acting on the recoiling parts, the 
work necessar;' to absorb the recoil energy can 
be accomplished in a shorter distance L,. The 
work area R,OL,R, is equal to the area R,OL,R, 
since the work is the same. Thus a variable re- 
sistance to recoil allows a shorter recoil. 

If the gun is stable at zero elevation then it 
wil) be even more st-ble when elevated since 
the lever arm h of che overturning moment de- 
creases as eicvatiun increases. This situation al- 
lows a greater value of R and thus a shorter 
length of recoi! at high elevations. 


ILLUSTRATIVE EXAMPLE: 
GIVEN: 


A certain howitzer weighs 3000 pounds. The 
weight of the recoii‘ng parts is 1000 pounds. 
Their center of gravity when horizontal and in 
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Fig. 7-7 Resistance to recoil. 
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firing position is 40 inches above and 100 inches 
forward of the point of support of the spade. 
The non-recoiling part: of the cairiage weigh 
2000 pounds and their center of gravity is 90 
inches forward o. the same point. 

REQUIRED: 

(a) Determine tke maximum value the re- 
sistance to recoil can have to insure stability 
bcth when the gun is in battery and when it has 
reached the end of a 40-inch recoil. 

(b) If the factor of stability at full recoil is 
i.5, what is the value of the constant resistance 
to recoil? 

(c) If a constant margin of stability of 2000 
pounds is maintained, by how much can the total 
length of recoi] be shortened? 


SOLUTION: 
(a) With reference to Figure 7-6, ‘et 
W = 1000 lb 
l, = 100 in. (in battery) 
60 in. (in full recoil) 
W.= 2000 lb 
l. = 90 in. 
Ra=? 
h = 40in. 


In battery computations: 
hx R, = Wxi+wWw. xl. 
40 in. R,, = 1000 lb x 
100 in. + 2006 Ib x 90 in. 
40 R., = 100,000 + 380,000 
Re = 22% _ 7000 tb 
40 
At the end of a 40 in. recoil: 
AXR.=WX1+W. Xl. 
40 in. X R.. = 1000 lb X 80 in. + 
2000 Ib X 90 in. 
40... = 60,000 + 180,000 


R, = 240,000 _ 6000 Ib 
40 
(b) Plotting the values of R, obtained from 


requirement (a): 








Then at maximum recoil the constant resistance 
to recoil (R,) computed with a factor of stability 
of L& is 


15—_—im 2000 
R. Re 
R. - 4000 Ib 


(c) Having estavlished a margin of stability 
of 2000 pounds (see figure in (b) above), the 
work porformed by the recoil system with a 
variable resistance to recoil is represented by 
the area of the trapezoid O L,R,.Re,. Since the 
work performed must be the same as that done 
by a consiant force then: 


Area O L.Re fe, = ares O L: Ras fa; 
Equation (1) 4000 x 40 


= 1/2 [5,000 + (4006 + y)j (40 — x) 
; Ra -~ Rea 40 1000 _ 40 
Equation (2) eager as or ale 
40 


4000 x 40 = 5 [5000+ (4000 + 25-3! (40 — 2) 
320,000 = (9000 + 252) (40 — x) 
320,000 = 360,000 + 1000.2 — 90002 — 252" 
252? + 80002 — 40,000 = 0 
z?+ 3202-1600 =0 
Solve for the value of x using the quadratic 
formula, 


pa whe Vo = fac 
2a 


—32) = v/102400 + 6400 


= 7006 2 
Rm = 6000 
= 5000} 2 = —320 + V'108800 
et Re, = 4000 2 
pay “3a 
rs = taking positive value 
a 
64, 49 is > = 5-in. recoil shortened 
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7-3 MAJOR COMPONENTS OF A RECOIL SYSTEM 


The ‘nodern recoil system has three principal (b) Counterrecoil mechanism to return the 
parts: gun to battery and to hold it there until fired. 


(c) Counterrecoil buffer to reduce the shock 
(a) Recoil brake to step recoil. on the carriage at end of counterrecoil. 


7-6 ReTOli. BRAKE 


The remil brake is a hydraulic brake and con- —_a varying resistsnce to recoil. To effect a smooth 
sists essentially of a piston witich moves in a retardation of the recoiling parts the rate of 
cylinder filed with oil. The recoi) brake is at- liquid flow must be controlled and coordinated 
tached to the weapon in either of two ways with other varialies such as instantaneous ve- 


coils, there is a relative motion between the pis- _ orifice area duriig recoil, using a throttling 
ton and the cylinder and the operation in both device. 
cases is fundamentally the same. There are several devices for throttling the 
In one arrangement, the cylinder is attached liquid flow-throttling grooves, throttling ars, 
to the tube and moves with it during recoi! and __ throttling rods, and throttling valves. Al. these 
counterrecoil, while the piston is fixed to the devices offer varying orifice area to the flow of 
carriage. oil such that when recoil velocity is greatest, 
In the other arrangement, the piston is at-  o7ifice area is greatest; thus, the pressure is rea- 
tached to the tube and moves with it during re- sonable while the tube recoils must rapidly. As 
coil and counterrecoil, while the cylinder is fixed  recoi! velocity decreases, the restricted orifice 
to the carriage (Figure 7-8). For the purpose area maintains the ferce of resistance to recoil. 
of subsequer:t discussion, this particular arr inge- In some artillery weapons, particularly anti- 
ment will be assumed. aircraft, a variabie tength of recoil is used to 
As the propeilent gases push back on the bar- — permit long recoil at low cievations to improve 
rel the piston exe:ts pressure on the oil. The stability, and short recoil at high elevations to 
equal and opposite reaction to ihis pressure is a pevent the breech trom striking the ground or 
pressure exerted by the oi) on the piston. It is firing platform. Variable recoil can be accor- 
the reaction force on the piston which retards __ plished ir severai ways, but generally it involves 
the velocity of the recoiling parts. The magni- superimposing another orifice control in addition 
tude of the oil pressure on the piston is partly to one of the basic arrangement described in the 
determined by the orifice area, which is the paragraphs above. 
total cross-sectional area of all the holes through A simple type of variable recoil mechanism is 
which the oi! may flow at any moment. A large shown in Figure 7-11 in conjunction with the 
orifice arez will allow greater fow and thus pro- basic throttling red type c! recoil brake. A hol- 
duce less pressure; whereas a small orifice area low piston slides on & centrol rod which has 
wi!l produce higher pressure and greater retard- 
ing force. RECON ——e 
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A later paragraph will show that the resistance es cameo’ 
to recoil depends not only on orifice area but — 

also oa other factors, including instantaneous 
velocity of recoil. The greater the velocity of 
the piston through the oil, the greater the ac- 
celerition of the oil through the orifices, and the 
greater the force of reaction on the piston. The 
arrangcment shown in Figace 7-8 would produce Fig. 7-8 Simple recoil broke. 
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listed below. In either <ase, when the tube re- _ocity of recuil. This can be do1e by varying the 
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Fig. 7-9 Recoil mechanism for 105-mm howitzer, showing movement during recéil, 
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Fig, 7-10 Recoil system for 90-mm antiairere# gun. 


throtiling grooves in :t. The rotation of the rod liquid is then possible. To reduce the length of 
is controlled by the . .gie of clevation cf the gun recoil, the control rod is retated, and the throt- 





r through gears and cams. Maximum recoil is at tling grooves move out of line with ihe ports. : 

' tained when these grooves line up with ports This action reduces the or.fice through which i 

= in the piston head. since a maximum flow of the li:uid can flow, thas shortening the recoil. 
nee 79 ' 
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Fig. 7-11 


Variable length recoil device. 








Fig. 7-12 Spring counterrecoil mechanism. 





AT END OF RECO. 


Fig. 7-13 Pneumatic counterrecoil mechanism 


7-7 COUNTELRECOIL MECHANISM 


A counterrecoi] mechanism is one which has 
the primary function of returning the barrel 
from its recoiled position to its firing position and 
holding it there xntil fired again. As an addi- 


7-F.1 SPRING TYPE 


In this case the entire system is known as a 
hydrospring recoil system. The essential parts of 
a spring mechanism are a spring, 4 cylinder, and 
a piston and rod (Figure 7-12). 

With the barrel in battery the spring is com- 
pressed only enough to hold the recoiling parts in 
battery at al! angles of elevation. When the wea- 
pon is fred, the barrel recoils, pulling th piston 
rod and further compressing the spring. At the 
eud of recoil the spring expands and returns the 
baitel to firing position. 


tional function it also assists the recoil brake in 
stopping recoil, furnishing about 20% of the total 
braking force. There are two basic types of 
counterrecoi] devices: spring, and pneumatic. 


A mure compact arrangement can be used 
where the spring is placed in the recoil brake 
cylinder (Figure 7-8) and expands against the 
brake piston. In this case the spring and the 
liquid cccupy the same part of the recuil cylinder. 


7-7.2 BNEUMATIC TYPE 


In this case the entire system is known as a 
hydropneumatic recoil system. The essential 
parts of a hydropneumatic mechanism are shown 
in Figure 7.13. 
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With the gun in battery the gas, usually nitro- 
gen, is urder some initial compression to hold the 
ivcoiling parts in dattery. When the weapon is 
tire! the liquid is forced through a throttling 
device and against the floating piston, which 


A counterrecoil buffer is that part of the re- 
coi. system which controls the final movement 
of the recoiling parts as they come back into 
battery. Its purpose is to decclerate the moving 
parts smoothly and »revent damage by shock, 
yet not retard the movement to the extent that 
raic of fire would suffer. 

A simp! tvpe of buffer is *he dashpot (Figure 
7-11). This consists of a tapered rod (buffer 
rod) which slides in and out of a cylindrical 
cavity, or dashpot. As the barrel recoils, the buf- 
fer rod is withdrawn from the dashpot, wiiict: 
then fills with hquid. During the latter part of 
connterrecail, ihe jiquid-fled dashpot rides 
) over the buffer rod and the escape of liquid from 

inside the dashpot is permitted only through the 
narraw clearance between the rod and daskipot. 
As the dashpot encloses the buffer rod, the orifice 
for iclease of the liquid becomes smaller, and 
the motion of the piston rod and its dashpo* 
mects with great resistance in the fast few inches 
of counterrecoil. The barrel thus is eased into 
battery witheut jarring the carriage. 

There are other types of hydraulic buffers, but 
they operate on the same principle of a tapered 
rod restricting the flow of oil to provide increased 
resistance toward the end of counterrecoil. 


7-9 TOPMPLETE RECOIL SYSTEMS 


The modern recoil system, particularly hydro- 
pneumatic, is actually much more complex thaa 
indicated by the schematic figures above. The 
hydropneumatic system is more complex and ex- 
pensive. but it has almost replaced the hydro- 
spring system in current weapons. One notable 
exception to the trend toward climination of the 
hydrospring system is the concentric recoil sys- 
tem. This finds application where space limita- 
tions are critical. A comparison follows: 
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7-8 COUNTERRECOIL BUFFER 
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moves against the gas, compressing it further. 
At the end of recoil the gas expands and retunis 
the barrel to firirg position. A respirator allows 
air to enter the recoil cylinder during recoil and 
allows it to escape Curing counterrecoil. 





AT END OF COUNTERRECOIL 
RA PD 64°78 


Fig. 7-14 Doshpot counterrecoil buffer. 


(a) Hydrospring advantages 
Simplicity of design 
Ease of rianufacture of system 
Low initial cost 
Rapidity of repair in the field 
(5) EBydrospring disadvantages 
Wide variations in serviceability cf springs 
High replacement rate 
Bulkiness (except in concentric system described 
below ) 
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Dificulty in securing required physical charac- 
teristics for springs 

Weight p-ohibitive for lazge caliher mobile 
materiel 

(Disadvantages increase with increase in caliber ) 


(c) Ay2ropneumatic advantzges 
Reliability of performance 
Durability 
Smooth acticn 
Adjustuble to slight variations 


(ad) Hydroppeumatic disadvantages 
High initial cost 
Repairs réquire special facilities and expert 
* mechanics 
Maintenance is required while in storage 


The concentzic system achieves its compact- 
ness by having the gun tube act zs both recoil 
piston rod and counterz<cvil piston rod, and hav- 
ing the rece? orake piston, the recoil cylinder, 
and we counterrece!] s, 1ing mounted concen- 
trically with the gun tube (Figure 7-15). The 
recoil cylinder is formed by the inside of the 
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cradle and the outside of the gun tube enclosed 
by the cradle. ‘Vhen ready for operation the re- 
coil cylinder is completely full of oil. 


As the gur: recoils, the piston compresses the 
counterrecoil spring and at the same time forces 
the recoil oil from the rear to the front of the 
piston. The inside diameter of the cradle be- 
comes less as the recoil progresses, practical'y 
shutting off the flow of oil at tie end of recoil. 
Tris throttling of the recoil oil and the high com- 
pression of the spring stops the rearward move- 
ment of the gun. 


The compressed spring immediately starts the 
counterreco!] action, forcing the oil past the pis- 
ton from front to rear. Near the end of counter- 
recoil a buffer chamber restricts the flow of oil 
and thus sets up a cushionir.g effect which per- 
mits the gun to return to battery without severe 
shock. 


The recoil action :s so well controlled that the 
average !ength ot recoil of a tank gun is from 
9 to 12 inches. 


Gun Tube 


Fig. 7-15 Concentric recoil mechanism. 
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7-10 MUZZLE BRAKES 


A muzzle brake is a device, attached to the 
muzzle end of a gun tube (Figure 7-16), con- 
sisting of one or more sets of baffles. These 
baffles deflect the escaping gases and thus py 
momentum transfer cause a force to act on the 
gun tube which mitigates the recoil force. Prior 
to and during World War II the Germans did 
extensive research into the practicability of m.uz- 
zle brakes and developed many different designs. 
Continued research is being conducted by the 
United States and foreign countries. 


Although a muzzle brake offers several advan- 
tages, these are offset by several practical dis- 
advantages. While it is true that a muzzle brake 
may reduce the length of recoil, it still adds 
weight at the muzzle of the gun which puts a 
large torque about the gun support (i.e., trun- 
nions ) requiring the employment of equilibrators 
to assist ir, suppor*ing the tube. If a tank turret 
is designed allowing only for the recoil of its 
gun with a muzzle brake, then failure of the 


muzzle brake would put the tank gun out of 
action. Thus, modern tank guis of the United 
States are not being designed for or equipped 
with muzzle brakes. 


A muzzle brake reduces the recoil force trans- 
mitted to the mount, and also reduces obscura- 
tion cf the target. After the projectile leaves the 
muzzle, some of the powder gases are decelerated 
and deflected to the sides and rear (Figure 7-17). 
The reaction te this decelerating force exerts a 
forward pull on the muzzle and thus reduc >s 
the net force which inakes the gun recoil. The 
result is greater carriage stability, improved ac- 
curacy because of less gas turbulence affecting 
the projectile iust beyond the muzzle, and a 
shorter length of recoil. 


Since the baffles are positioned to deflect the 
blast to the sides rather than up and down, dust 
disturbance is minimized. The gun crew can 
therefore observe the target much better and 
maintain a higher rate of aimed fire. 





Fig. 7-16 Muzzle brake for experimental, self-propelled 155-mm gun, T80. The single boffle is spproxi- 
mately 85% as effective as multiple oaffles, but much easier to manufacture. 
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A muzzle brake may be used, therefore, where 
it is important to have a short length of recoil, 
such as in a tank turret, and where obscuration 
is an important consideration, such as in tank 
and antitank guns. 

The present model gun being installed in the 
90-mm gun tank, M47, does not have a muzzle 
brake. The muzzle brake has been replaced by 
the diffusor (Figure 7-18). The diffusor is a 
hollow, straight, one piece casting, internally 





yoo, . ‘ 
a, z gs i NES PRR 6 19-09 sername tie ees era ete AOE ESET NONE SAAN Ot PEER Ny ernment ve 


08 emene- rare 


threaded at one end to screw onto the muzzle 
of the gun tube. Twe holes are bored laterally 
through the front of the diffusor, allowing the 
diffusor to act as an antiobscuration devic:, A 
portion of the muzzle blast is directed to the 
sides, thus reducing target obscuratior. caused by 
-blast cloud and dust disturbance. Since diffusors 
have little surface perpendicular to the axis of 
the tube, they have but litle effect on reduciag 
length of recoil. 


7-11 TOTAL RESISTANCE TO RECOIL 


The total resistance to recoil is the resultant 
of fuxces due to five devices or factors: 


(a) Kecoi! brake. The brake furnishes the 
greatest part of the total resistance. This com- 
ponent was discussed about in Par. 7-7, and its 
resistance is denoted by the symbol P. 

(b) Counterrecoil: mechanism. This com- 
ponent was discussed above in Par. 7-8, and its 
resistance is denoted by the symbol S. 

(c) Muzzle brake. The force due to the 
muzzle brake does not start until the projectile 
leaves the muzzle, and its value varies during 
recoil. The symbol for this component is B. 
This force is lacking, of course, in guns which 
do not require the particular characteristics af- 
forded by muzzle brakes. 

(d) Gravity. In horizontal fire the gravity 
compcnent would be zero; but as the gun is ele- 
vated to an angle a, gravity will oppose the effort 
of the recoil brake and will tead to increase 
the length of recoil. Tne force involved is the 
component of the weight of the recoiling parts 
which acts in the direction of zecoil. This is 


7-12 SPECLAL 


The recoil mechanisms illustrated have rep- 
resented standards for design of ertillery weapons 
for many years. Systems. involving electromag- 
netic forces, design of twin guns linked to recoi! 
without displacing the composite ccnter of mass, 
firing during forward motion, increasing mass of 


W sina, and since this component diminishes the 
total resistance, it is negative, —W sina. If the 
muzzle is depressed, then a is negative and 
the term is positive. 

(e) Friction. The force of friction contributes 
to the total resistance, and it is a function of W 
and a. The component of W which acts per- 
pendicular to the sliding surfaces hetween the sta- 
tionary and the recoiling parts is W cosa. The 
friction, force is the product of the friction co- 
efficient f and the weight component, or fW cosa. 

The total resistance to recoil, in pounds, is 
then 


R= P+8+8B-— W sina+fW cose. (7-9) 


It is interesting to note the tremendous amount 
of work that must be accomplished bv a recoil 
system, and the importance of careful design and 
manufacture of every detail in the system. The 
total resistance to recoil fur a 155-mm gun is 
51,000 pounds. If the same braking force of 
51,000 pounds were applied to a 3200 pound 
automobile going 60 mph, the automobile would 
step in a distance of 7.5 feet. 


RECOIL DEVICES 


recoiling carts to include components of top and 
bottom «<arriages, vacuum systems, and rigid 
~79unts have been tested and many used in spe- 
cial applications. 

Development work is progressing on a type 
of recoil device designed to reduce the maximum 
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Fig. 7-37 Action of 90-mm double-baffle 
muzzle brake. No;mally, gases are dispersed 
“ to the sides; in this case the bral:e was turned 
90° to facilitate photography. 








Fig. 7-18 90-mm gun ‘vith bore evacuator and diffusor. 
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forces exerted on weapon trunnions through the 
use of soft recoil. For weapons having a high 
rate of fire (usually small caliber automatic wea- 
pons) it is possible to reduce the deflection rate 
of the countercoil spring (make the spring soft) 
to the extent that the time for the full recoil 
cycle is greater than the time for the gun’s firing 
cycle. That is, the gun has not been fully re- 
turned to battery at the timc the succeeding 
round is fired. In this manner, the momentum 
of recoil is partially counteracted by the momen- 
tum in covnterrecoil. Length of recoil is there- 
fore shortened and trunnion reaction lessened. 
A problem arises in the firing of the first round, 
however, as there is no momentum of counter- 
recoil for this zour:d. One possikle solution to 
this problem is to simulate recoil by cranking 
the gun out of battery prior to firing the first 
round. The gun is then allowed to return toward 
battery fzeely and the frst round is fired before 
the battery position is reached, exactly as in 
succeeding rounds. 
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it hes been found that this system substan- 
tially reduces forces transrnitted to weapon trun- 
nions, a characteristic which would be most 
heipful in the design of weapons for use in air- 
craft. 

The development of the carriage for the 280- 
mm gun represents an application of double re- 
coil. In this arrangement two separate recoil 
systems are employed. One is conventional, re- 
tarding the movement of the sleigh in the craale. 
The other is somewhat out of the ordinary, how- 
ever, in that it provides for movement between 
the top and bottom carriage. This second 
mechanism is also a hydropneumatic system; its 
only departure from convention being its loca- 
tion between the top and bottorn carriage. With 
double recoil, the force transmitted to tke bot- 
tor carriage is reduced; therefore, elaborate 
preparations for emplacement of the gun are not 
necessary and it can be put into action quite 
rapidly. 
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CHAPTER 8 


GUN MOUNTS AND MISSILE LAUNCHERS 


8-1 GENERAL 


A mount or carriage is an assembly which 
supports a weapon in fring and traveling. A 
nvissile launcher is a device which furnishes 
stable support for a missile or rocket, may give 
it initic! orientation and guidance, and which 


may support it in travel. In this chapter the 
general aspects of gun mounts and missile la:anch- 
ers will be discussed, and a method for analyzing 
stresses in a structure of this type .vill be pre- 
sented. 


8-2 GUN MOUNTS 


The naines and short descriptions of compo- 
nents of zun mounts are given here. Refer tc 
Figures 8-1 and 8-2 for their location on a typical 
carriage. For detailed pictures and descziption 
of operation of these components the reader is 
referred to Department of Army Technical Man- 
ual TM 9-2305, Fundamentals of Artillery Weap- 
ons. 

The main barrel supporting members on a 
carriage are: the sleigh, cradle, top carriage, and 
buttum carriage. Depending upon the design of 
the carriage, cert».in of these components may or 
may not be present. 

(a) Sleigh. The sleigh is that part of a carriage 
which forms the immediate support of the barrei. 
The sleigh recoils with the barrel on the cradle 
and, in many of our weapons, houses the recoil 
mechanism. 

(b) Cradle. The cradle is that part of the 
carriage which supports the barrel and sleigh. 
Where no sleigh is used, the cradle houses the 
recoil mechanism. In general, the cradle i: a U- 
shaped trough which has siides or rails on paths 
or guideways along which the gun recoils and 
counterrecoils. 

(c) Top carriage. The top carriage supports 
the cradle in its trunnion bearings and carries the 
elevating mechanism. It moves with the cradle 
in hori: ontal traverse: but not in changes of cle- 
vation. When the weapon is traversed, the top 
carriage rotates horizontally on the axle or bottom 
carriage. 

{d) Bottom carriage. The bottom carriage is 


8-1 


that part of the carriage assembly which sup- 
ports the top carriage and has, attached to it, 
portions of the mechanism for rotating the top 
carriage in traverse. 

(e) Elevating mechanisms An_ elevating 
mechanism consists of devices for elevating or 
depressing the weapon and holding it at the 
desired angle while being fired. The final mo- 
tion is generally applied through an elevating 
rack attached to the cradle and an elevating 
pinion attached to the top carriage. Whenever a 
rack and pinion are used, a wun and worm 
wheel are usually placed in the gear train to 
make the system irreversible and to hold the gun 
at the elevation set. 

(f) Traversing mechanisms. A_ traversing 
mechanism is a device for making lateral changes 
in the direction of the barrel. The moving parts 
may consist of only tiie barrel and the upper 
part of the carriage; or in some cases, the mov- 
ing parts may consist of the entire barre] and 
carriage except the axle. 

(g) Equilibrators. To permit higher angles of 
elevation in artillery weapons, the horizontal 
axis about which the barrel revolves for elevation 
is located well to the rear of th2 center of gravity 
of the barrel. The dare! thus is unbalanced and 
tends to tip forward. /.. eqvilibrator is a device 
which evercomes this unbaianced weight and 
keeps the cannon in balance at all angles of 
elevation su that it may be elevated and de- 
pressed easily by hand ‘Figure 8-3). 
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Fig. 8-3 Applications of equilibrators. 


(h) Bogies. A bogie is essentially a cart which 
is used with certain artillery weapons for the 
purpose of supporting the weapon during trans- 
port. When the weapon is placed in the firing 
position, the bogie is either removed or so ad- 
justed that it no longer supports the weight of 
the weapon, although some weapons may be 


Fig. 8-4 Equalizer 


fired from the bogies in e:ergencies. 

(i) Equalizers. An equalizer is a mechanical 
device which permits the four points of contact 
with the ground, the two wheels and the two 
trail ends, to be in different planes. It compen- 
sates for irregularity of the terrain, so that the 
weight o1 the weapon and the shock of firing 
are transmitted to the ground through all of the 
four points. Equalizers are required only on 
those split trail carriages which, when emplaced, 
rest on two wheels (or two firing segments) and 
on the two trail ends. 

Figure 8-4 shows an equalizer where an equal- 
izer bar, fied to an extension of the pintle, ro- 
tates in a «lane parallel to the axle. By moving 
the trails. the position of the equalizer bar is 
controlled through equali:er arms which rotate 
abcut the axle. 

Some weapons which are directed by remote 
control equipment (e.g., wntiaircrafi weapons) 
must be accurately levelled so that they will 
traverse through true horizontal angles. For this 
purpose a leve'ling mechanism (e.g., levelling 
jacks) is used. 


8-3 MISSILE LAUNCHING TECHNIQUES 


Missile launchers perform some of the same 
functions as do artillery weapons. They provide 
static support for the missile and in some cases 
its initial orientation and guidance. The launch- 
ing of guided missiles on a precise trajec‘ory is 
not usually of paramount importance, as changes 
to the trajectory can be made after launch. 

In the case of free rockets, however, since no 





guidance is provided after launch, the launcher 
must release the rocket so that it will follow 2 
desired ballistic trajectory to the target. 

Generally, missiles used in the U.S. Army 
employ cre of three launching techniques: (1) 
launching from rail launchers; (2) launching 
frorr. zero-length launchers; and (3) vertical 
launchings. 
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3-3.1 RAIL LAUNCHERS 


As the most common type in tise by the Army, 
they consist of a structure supporting a set of 
helical or linear rails which supports the missile 
during launch. These launchers are of varying 
lengths, some being shorter than the missile being’ 
launched; cthers considerably longer (Figure 8- 
5). For free rockets, launchers must be of greater 
length than for guided missiles, so that the 
rocket is constrained for a longer proportion of 
the boost phase of motor burning. 

The larger this proportion, the less viii be the 
devintion ffom the doci-ed traiectory. For a 
relatively small proportion, if the booster burns 
for a relatively long time after launch, any small 
wisalignmeat of the boost thrust vector may 
cause serious deviations irem the desired trajec- 
tory. 

One problem which arises ir the use of rail 
tvpe launchers is tip-off ‘This refers to the 
angular momentum the inissile acquires if its 
front supports leave the rail before its rcar 
supports. Gravity acting or the furward portion 
of the missile wil! cause its nose to drop before 
separation of the rear supports from the rail. 
Tip-oft can tL. avoided by using separate rails 
for front and rear supports so that both leave the 
ra.is simultaneously. 

Rail launchers are light and simple in design, 
and can be mobile or fixed. They cn serve as a 
transporting device for the missile when they are 
mobile, and can support the missile for fueling 
and launching. 


8-3.2 ZERO-LENGTH LAUNCHERS 


This launcher (see Figure 8-€) releases the 
missile as soon as motion relative to the launcher 
begins. They do not control the Sight path of 
the missile, but do determine initial orientation. 
This launcher is not used to any great extent by 
the Army, a notable exception be:ng the Dart 
anti-tank missile. 

In order for zero-lengtth launching to de suc- 
cessful, the guidance system must have the ~apa- 
bility of immediate control of the i.ssile after 
launch. The thrust unit must be carefuliy aligned 
so tha’ the line of action of the thrust vector 
passes through the center of gravity of the mis- 
sile. Otherwise a pitch angle may be introduced 
wnich will cause the missile to fly into the giound 





before guidance becomes effective. 

Zero-length launchers are extremely simple, 
small, light, and potentially mobile. Their use 
will probably be limited, however, because of 
inherent disadvantages indicate! above. 


8-3.3 VERTICAL LAUNCHINGS 


This launcher (see Figure 8-7) is used for most 
ballistic missiles. The raissile is set on end, some- 
times supported on its own fins, fur iaunch. Ballis- 
tic missiles are usually very large and h-avy and 
a rail type launcher for these missiles wuld itself 
be unduly heavy, because of the necessity of 
grea, structrral strength. Further, ballistic mis- 
siles are launched vertically in order that they 
mav onerate outside of the sensible atmesphere 
over most of their trajectory. Since thrust is 
greater in thin air than in the dense air near the 
suriace, it is advantageous that such missiles 
reach rarefied atmosphere as soon as poss.ble. 
The quickest path out of the sensible atmospher2 
is straight up. Highly specialized handling equip. 
ment is required to place the missile in the. 
launch position. Ofter other speciz] equipment is 
requi.ied to fuel and service the missile after it 
has been placed in the vertical position (i.e., 
liquid fueled rockets). These disadvantages are 
accepted, however, in order to gain the advan- 
tages of vertical launch. 





Fig. 8-7 Example of 
vertical launching. 
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8-& STRESSES IN MOBILE GUN CARRIAGES 


The problem of the designer consists of pro- 
viding adequate strength for el) parts without 
exceeding maximu::, limits for weight and size. 
In addition, he must satisfy other requirements 
such as those for stability, ease of operation, mo- 
bility, and convenience of maintenance and 
repair. 

The computation of stresses hinges on analysis 
of the forces acting on the various parts. If 
certain forces are known others may be computed 


by resolving the forces into components and tak- 
ing moments about convenient axes. 

To illustrate the method of computing the 
stresses which occur in the various parts of a 
mobile carriage 22 example is worked out using 
the 105-mm howitzer, M2, and its carriage. The 
principles embodied in this analysis can be ap- 
plied to acy structure of this type. Gther car- 
riages ard launchers can be analyzed using the 
techniques descriix in this paragrapn. An 
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Fig. 8-8 105-mm howitzer, MZ. 
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apprecistion of the engineering involved in 
armament equipment can best be gaircd by 
doing some of the pick and shevel calculations. 

To cover Silly the critical conditions for this 
howitzer. calculations should be nade for combi- 
nations of maxi-nmr and minimum elevations 
with maximum and minimum traverses, both 
while the piece is in and out of batt-ry. To 
illustrate the computation of one set of these 
data, an analysis is shown with the piece out of 
battery (just as the piece comes to rest after 
recoiling 42 in.’ at 9° traverse and $5° elevation. 

The work on the following pages is for the 
most part from actua: data used in the design of 
the 105-mm howitzer. It is modified in some 
particuiars to su:t the needs of this presentation. 
In one or two instances tl. location of the center 
ef gravity has been assumed. 

The analysis will start with the recoiling parts, 
and work down through the various parts to the 
ground, in each case evaluating the forccs acting 
on the part. 

The t!!owing general data are given for the 
105-mm howitzer: 


muszle velocity, H.E. shell, charge 7 = 1550 ft /sec 
weight of projectile = 33.0 Ib 
weight of powder charge = 2.8 lb 
travel of projectile in bore = 6.8 ft 
area of bore = 12.65 sq in. 
chamber capacity = 155.8 cu in. 
maximum range = 12,200 yd 
weight of piece (approx.) = 4300 Ib 
weight of recoiling p: cts = 1525 lb 
elevation = —5° to +65° 

traverse = 22° 30° right, 22° 30’ left 
recoil (normal) = 42 in. 

trail spread = 20° 


6-4.1 FORCES ACTING ON 
RECOILING PARTS 


The recoiling parts are indicated schematically 
by the outline in Figure 8-9. The forces acting on 
these parts are indicated by the arrows. 


Given: 
W,, wt of recoiling parts = 1525 lb 
W, sin 88° = 1280 Ib 
W, cos 65° = 645 tb 
j, coefficient of friction = .15 
4, piston pull due to recoil systeni = 12,600 ib 


87 
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Note that the center of gravity of W_ is «sot on 
the axis of the bore. The other p~rticas of the 
recoiling parts such as the sleigh and piston are 
not shown in this schematic sketch. 


Find: 

C, the force exerted by the cradle on the for- 

ward part of the recoiling parts, and 

D, the force exerted by the cradle on the rear 

part of the recoiling parts. 

Even though the gun is coasidered just as it 
reaches the end of recoil, there is a ret force 
acting and therefore there is a value of accelera- 
tion. In order that this may be analyzed as a 
static system, a hypothetical force (d°’Alembert 
force ) equal and opposite to the actual net force 
acting is added at the center of gravity. This 
force is indicated as 
d*x 
a: 
ma‘ion of forces and moments. 


M Now the solusion may be based on sum- 





Fig. 8-9 Forces on recoiling parts. 
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Fig. 8-71 





Forces on top carriage. 


(1) —645 — © + 1640 = 0 
D = 1640 !b (approx) 
C = 990 lb (approx) 
8-4.2 FORCES ACTING ON THE CRADLE 
Fig. 8-10 Forces on cradle. Refer to Figure 8-10. 
GIVEN: 


W., wt of cracle = 460 Ib 
W. sin 65° = 416 Ib 


(1) ZF, = —W, cos 65° ~C 4+ D=0 
(2) ZF, = W,sin 65° — fC —fD—A 


+mM2o W. cos 65° = 195 Ib 
av E, equilibrator pul! = 740 Ib 
(3) £M., = fC >’ 4.775 + fD X 3.655 E sin 10° 45’ = 137 lb 
— 51.5C — 29.28D + 6.1554 = 0 E cos 10° 45’ = 725 Ib 

Since there are only two unknowns, only two A = 12,600 Ib 
equations are needed. In order to avoid being C = 990 \b 
involved with the Mf d's term, equation (2) can e Se 1640p 
be dropped. dt? FIND: 

(i) -645 -C +) =G G, the force exerted or the elevating spur 

(3) .716C + 58D — 31.5C — 29.28D gear. Note that in this case the elevating rack 


+ 77,500 = G is part of the top carriage. 
— 30.784C — 28.732D + 77,500 = 0 K’ and T’, components of the force on the 


C + 933D = 2518 trunnions. 
(1) ~C+ D= 645 Again force and moment eyuations can be 
1.933D = 3163 written and solved simultaneously. The results 
8-8 




















are given below. 


G = 5080 |b 
K'= 6000 tb} ; 
T' = 13,480 Ib resultant = 14,760 Ib 


8-4.3 FORCES ACTING ON 
TOP CARRIAGE 


Refer to Figure 8-11. 


GIVEN: 

G = 5080 tbh 

G sin 34° = 2840 |b 

G cos 34° = 4210 th 

T = T’ cos 65° — K’ sin 65° = 260 Ib 

K = T’ sin 65° + K’ cos 65° = 14,750 Ib 

E = 740 |b 

E sin 54° 15’ = 600 Ib 

FE cos 54° 15’ = 433 Ib 

W., wt of top carriage = 172 Ib 

FIND: 

J, N, and L, the forces exerted by the bottom 
carriage through the pintle. 

Again force and moment equations can be 
written and solved simultaneously. The results 
ure given below. 

J = 22,000 Ib 

NM = 12,630 Ib 

L = 17,000 Ib 


8-4.4 FORCES ACTING ON 
BOTTOM CARRIAGE 

Refer to Figure &-12. 

GIVEN: 

Wi. wt of bottem carriage = 2143 Ib 

J = 22,000 Ih) 

N = 12,630 1b! forces on the pintle. 

L = 17,000 Ib! 

FIND: 

H and V, the forces on each spade. 

(1) SF, = —We -— V+ 20 +2) = 0 

(2) 3F,2 J/-L-2H =( 

(3) My = Wa * 244+ 7 X 34.06 - L 
xX 18.75 +N X& 1.75 + 2H & 
- 2 x 118 = 0 

(2) 22,000 — 17,000 -— 24 = 0 

(3) 5t,400 + 740,000 — 310,000 + 60,000 

+ 15,900 - 2360 = 0 


Hou 


236 = 356,400 
(2) Ho = 2500 Ib 
(3) Vo = 2360 Tb 
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Fig. 8-12 Forces on bottom carriage. 
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Fig. 8-13 Forces on trail. 


8-4.3 FORCES ACTING ON EACH TRAIL 


Refer to Figure 8-13. 

GIVEN: 

HN, = H cos 23° = 2300 Ib 

Hr = H sin 23° = 980 lo 

V = 23060 li 

W,, wt of trail to the right of section a-a = 250 Ip 
Nin 13° = 225 

cos 13° = 74 

me‘alarcaa-a = 4 sq in. 

FIND: 

Maximum stress in sectica a-a (Figure 8-14), 
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Fig. 8-14 Cross section of trail. 


In the solution of this 2roblem the trail is con- 
sidered as a simple beam with forces acting upon 
it as shown. Each of the forces H,, H;, V, and 
W, cause a bending in section a-a creating a 
stress of compression in one half of the trail and 
tension in the other. The stress due to bending, 
may be found by multiplying the bending mo- 
meut, M, by the distance from the neutral axis 
to the fiber in question, C, and dividing by the 
moment of inertia, I. 


ga Me 
T 


The maximum stress will exist where c is a maxi- 
mum, i.e., in the surface farthest from the neutrai 
axis. 

Tt.e moment of inertia of a rectangle may be 
obtained by usirg the following formula: 


bi? 


[=u —., 


12 


About the z-uxis we have 
Re 4.54 (8.61)? — 4.25 (8.33)! 
12 
and about the y-axis 
I 8.61 (4.56)? ~~ 8.5 (4.25)? 
Pid emia eal 


The bending moment (A/,) about the x-axis at 
section a-a is obtained: 


= 40.43 in.! 


= 33.05 in.! 
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M, = —V X 104 + Hz X 23.6 + Wi X 53 
= —245,000 + 54,300 + 13,300 

= —177,000 in.-lb 

The. maximum stress due to M, occurs at the 

surfaces 1-2 and 3-4. 

Along these surfaces 


S= M,c _ 177,000 X 4.31 _ 18,900 psi, 
I, 40.43 
compression along surface 1-2 and tension along . 
surface 3-4. 


The bending moment (M,) about the y-axis 
at section a-a due to H, is: 
ne a yen 
cos13° 974 


Z 
| 


M, = Hr x 





The maximum stress due to M, occurs at the 
surfaces 1-3 and 2-4. 
Along these surfaces 


ae My _ 105,000 X 2.28 


————— = 15,900 psi, 
I, 15.06 
compression along surface 1-3 and tension along ‘ices 
surface 2-4. { } 
It is apparent that, due to tie bending mo- ae 
ments, the maximum compressive stress will be 
at corner 1 (18,900 + 15,900 = 34,800 psi), 
and the maximum tensile stress will be at corner 
4 (34,800 psi) 
The three forces H,, V, and W, have com- 
ponents causing a direct stress in the trail. This 
stress must be determir.ed and added to the 
stress due to ber.ding. 
The direct force acting along the trail is 
—H, cos 13° — V sin 13° + W, sin 13° . 
= —2240 — 531 + 56 = —2715 Ib, 
and the stress is 
25 _ p90 sei : 


— = —80 psi (comp) 
4 sq in. 


The comtined stress is the bending stress plus 
the direct stress. At corner 1 the stress is 


~ 34,800 — 680 = —35,480 psi (comp) 
and at corner 4 
+34,800 — (380 = +:34,120 psi (tension). 


Actual strers conditions in the trail will not be 
as great as the value found above, due to the 
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fact that the ground into which the spades are _an eiastic limit of 50,000 psi 
buried has a certain amount of resilience, thus 






lessening the stresses zalculated. Factor of safet = ee 
The trail is constructed of low-alloy steel plate 35,409 
which has 2 tensil2 strength of 100,000 psi ana = ].41 based on elastic limit. 
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CHAPTER 9 
SMALL ARMS AND RECOILLESS RIFLES 


9-1 HISTORY OF SMALL ARMS 


9-1.4 DEVELOPMENT OF THE 
MILITARY RIFLE 


The earliest missile used by priinitive man 
probably was a stone, first thrown by hand and 
later by use of a sling. Piercing missiles such as 
the javelin and spear were developed in very 
ancient times. The simple bow, the first weapon 
to discharge a piercing missile, came into use 
almost as early as the sling and remained of 
military importance until the eighteenth century. 
Among the developed forms of this weapon was 
the fainous, powerful, English longbow, which 
was in servicc until 1590. 

The first known :v<itten reference to a formula 
for gunpowder date; ‘from about the year 1250, 
and firearms probably ci.ne into being about 
1300. By the end of thit century the earliest 
hand firearm (called the hand cannon) appeared, 
derived from the early crude cannon. This in- 
accurate weapon of little military significance 
was mainly used for its terror value, because of 
the sound of its explosion, the flash of fire, and 
the volume of dense smoke emitted. 

Most of the major improvements in small arms 
before the 1800’s were concerned with better 
methods of igniting the powder charge. The 
serpentins lock, which made ‘ts appearance 
about 1450, represe.ats the first improvement over 
the hand cannon. ‘he idea of the trigger was 
born. A further developed ‘ersion of this idea. 
the matchlock, appeared about 1470. Simple in 
construction and not difficult to use when con- 
ditions were favorable (no rain). it rernained in 


Fig. 9-1 Flintlock musket, Springfield model of 1308. 


service for about two hundred years. The dis- 
advantages of this ignition system, foremost of 
which was the difficulty of keeping the match 
burning, and the slow method of preparing for 
firing, led to the development of the wheellock, 
about 1510, in Nuremberg, Germany. This sys- 
tem provided a spring-driven, serrated wheel 
which revolved against a piece of iron pyrites 
held by the cock, producing a shower of sparks 
to ignite the priming powder. There was no 
burning ember to be put out by the rain or to 
betray the shooter’s presence, and the weapon 
could be fired from horseback and carried in a 
holster ready for uss:. 

Although the wheellock eliminated the objec- 
tionable match, its high cost and the general un- 
reliability of the weapon brought about the 
development of the snaphance lock, the fore- 
runner of the true flintlock (1680) which was to 
serve as a standard military arm for 200 years 
and more. Serving the American pioneer and 
Revolutionary War soldier, the flintlock (Figure 
9-1) did not disappear completely as a military 
weapon until after the close of the Civil War, 
when the percussior. system of ignition came into 
general use. 

The advantages of rifling were known about 
the time of the wheellock, and r'2:ag systems 
had been developed long before it was prac- 
ticable to adopt rifling in military weapons. The 
diffculty was in devising a projectile which 
could be readily passed down the bure and ex- 
pand into the rifliag when fired. The izvertion 
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of the percussion primer early in the nineteenth 
century, which made use of the newly developed 
percussion powder that would explode when 
crushed, and the development of the metal car- 
tridge case which provided effective obturation, 
resulted in the adoption of the breech loading 
system. Then the use of rifling became prac- 
ticable in all weapons. The first successful breech 
loader appeared in 1838, while the self-contai-<a 
cartridge (bullet, propellant, and prir-cr in one 
unit) came into use eight years lier. It was in 
1842 that the Army finally adcpted the percus- 
sion system, modifying its 'arge stocks of flint- 
locks to produce the pc-cussion lock rifles that 
served through the Civil War period. 

As weapons improved and better am:nuwtion 
became available, the magazine rifle was de- 
veloped to meet the demand for increased fire- 
power. The famous Winchester 73 was among 
the early successful magazine rifles. It provided 
a magazine which held several rounds of am- 
munition, and means for transferring them to 
the chamber. Reduction of caliber, improvement 
in propellants which permitted use of smaller 
charges, and reduction ci size and weight of 
cartridges simplified the problem. 

After the period of the Civil War interchange- 
ability of parts was provided. This era had been 
ushered in by Eli Whitney (of cotton gin fame) 
who first applied the principle of interchange- 
able parts and mass production iu the menu- 
facture of « large number of rifles for the 
government. 

The modern military rifle was perfected in all 
its ersentials by about 1800. Since that time de- 
trils have been refined, smokeless powder has 
replaced black powder, improved ammunition 
has been provided, and better metals have be- 
come available. The trend has been toward 
higher velocities, greater firepower, ad less 
weight. 

As early as 1902, the Chief of Crdnance recog- 
nized “the possible desirability of the sulstitu- 
tion of a semiautomatic musket for the hand op- 
erated magazine rifle.” The mechanical invention 
necessary to Gil this need, however, required more 
than this'y yéars of develoyament. Among the 
major problems was thet of making the action 
sufBciently rugged and dependable, for the Army 
wanted to use the standard cal. .30 cartridge, ss 
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well as to fill strict military sr~cincations. The 
US. rifle cal. 30, M1, -v9; adopted as standard 
in 1936, 


9-1.4 DSSLOPMENT OF AUTOMATIC 
WEAPONS 


The development of automatic features and 


of full automatic weapons was in response to the 


demand for increased firepower. The early wea- 
pons employed multiple barrels on a single mount, 
which could be fired simultaneously. Other ar- 
raagements which were developed permitted the 
firing uf multipie barrelr successively, or brought 
multiple chambers successively to a single bar- 
rel. These did increase ‘considerably the volume 
or rapidity of fire but automatic loading had not 
yet been worked out. Moreover, they were very 
heavy and cumbersome. 

The development of automatic weapons was 
hastened by the invention of the percussion 
primer, the adoption ot breech loading, and in- 
troduction of complete rounds assembled in a 
metal cartridge case. The first practicable ma- 
chine gun was the Gatling, invented by Dr. 
Gatling about the time of the Civil War (Figure 
92). Its adoption was followed by others of 
the same general type, which in effect combined 
in cue mount a considerable number of breech 
loading rifles that could be loaded and fired 
mechanically. 

In 1884 Sir Hiram Maxim, an American en- 
gineer, designed the first truly automatic ma- 
chine gun. It caployed a single barre! and 
utilized the principle of recoil operation to se- 
cure continuous and automatic functioning as 
long as the trigger was held down. This weapon 
was an immediate success; the soundness of its 
design aud principle of operation were immedi- 
ately recognized. It revolutionized machine gun 
tact‘cs and stimulated the development of other 
automatic types. In modified and improved form 
it was still being usec by the British, German, 
and Russian armies at tle beginning uf World 
War I; it has appeared also among the variety 
of weevons used by the communist forces in 
Korea. 

The principle of gas operation, utilizing a small 
portion of the expanding powder gas, was first 
successfully employed by John M. Browning, 
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Fig. 9-2 Gerling gun. 


an American, who brought out the Colt machine 
gun in 1889, This was followed by the Hotch- 
kiss, employing the same system of operation. 
During che period covering World War I, Brown- 
ing’s short -ecoil machine gua, which was origi- 
nally patented in 1901, reached the stage of 


developmen very much as it is today. The 
Browning Avtomatic Rifle, (BAR), answering 
the need to combine the light weight and flexi- 
bility of the conventional rifle with the greater 
Grepower of the machine gun, has served also 
through the two World Wars. 


2 CLASSIFICATION OF MILITARY SMALL ARMS 


A definition of small arms must be approached 
with care, for the dividing line between sraall 
arms and artillery is not a stable one. {n general. 
as compared to artillery, small arms cre actually 
small arms, hand transportable in combat. We 
may undertake a definition for the purposes of 
today’s weapons in the folkwwing form: small 
arms are those firearms whose caliber is not 
greater than 20 mm (cal. .70). A recert excep- 

is $0-mm #:- 
tomatic aircraft gun; this gun and the 2.:inm 
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aircraft gun would formerly have been called 
cannon, but in their emvloyment they ft the role 
of what we wish to call arms. In some discus- 
sions the shoulder fired rocket launcher and re- 
coilless rifle are also cailed small erms. 


There are thice main types of smal] arms: 
(1) hand weapons, (2) shoulder weapons, and 
(3) machire gos. These distinctions are not 
rigid and, depen.ling upon the weapon, some- 
times overlap. 
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Fig. 9-3. Rifle 7.62-mm (NATO) M14. 


9-2.1 HAND WEAPONS 


Hand weapous are those fired with one hand. 
A revolver is a hand weapon that fires successive 
shots by means of a revolving cylinder. A pistol 
is a hand weapun that provides for the feeding 
of cartridges from a magazine. 

The revolver is the older of the two forms of 
hand weapons and is being rapidly superseded 
by the pistol in most of the world’s military or- 
ganizations. The principal advantages of the pis- 
tol over the revolver are: it allows faster loading, 
it is simpler and compact in construction, and it 
is easier to clean and maintain. 


32.2 SROULDER WEAPONS 


Shoulder weapons 2e those weapons nor-nally 
fired from the shoulder and supported by the 
shoulder and the hands. They include rifles, (see 
Figure 9-3), carbines, shotguns, and submachine 
guns. 

(a) Rifles are shoulder weapons, capable of 
considerably greater range and accuracy than 
hand weapons. Military rifles are usually sighted 
up to approximately 1200 yards in range. Prac- 
tical consideration, such as the fact that the front 
sight will obliterate from view a man-si:ed target 
at ranges greater than 600 yards, corfines the 
effective range to approximately that distance. 
The greater staLility provided by the use of both 
hands cnd the shoulder, combined «with the su- 
perior sighting qualities of the rifle, permits con- 
siderably greater accuracy than a hand weapcn, 
even at normal pistol range. The barre] length 
of most military rifles is approximately % inches, 
barrel lengt) formerly varied hetween 24 ana 
31 inches. it was eventuai}; shortened for con- 
venience in carrying and handling «t a slight 
sacrifice in velocity and sighting accuracy. Mib- 
tary rifles may be classified as manually operated 


or as semiautumatic (self-loading). Their op- 
eration will be considered later. 

(bd) Carbines are essentially short barreled 
rifles. While they do not have as great a range 
as rifles, because of their shc:* barrels, their 
shorter length and lighter weight facilitate their 
use from vehicles and in other situations where 
the greater length of a rifle would be disadyan- 
tageous. Carbines are either manually operated 
or semiautomatic. 

‘c) Shotguns are shoulder weapons with 
sinooth cr unrifled bove-, designed for the dis- 
ciarge of a mass of round pellets called shot. 
The Army uses various types of shotguns, all of 
which are commercially manufactured with very 
slight, or no changes incorporated to adapt them 
to military use. 

(d) Submachine guns are shoulder weapcns 
designed for close range dispersion fire. Their 
short length facilitates their use from vehicles, 
and they are «apable of Jelivering a heavy 
volume of fire in a minimum of time. The sub- 
machine gun is essentially a weapon of oppor- 
tunity, and is used to protect the personnel of 
crew served weajons, smal! groups of personnel, 
or wherever a heavy volume of fre is needed in 
a close combat situation. 


92.3 MACHINE GUNS 


A machine gun (see Figure 94) is a fully 
automatic weapon, capable of sustained fire. 
These weapons are fired from a mount, which 
may be either a fixeu or flexible type, and may 
be capable of adjustment to give controlled di- 
rection to the gun. Machine guns are fed by a 
detachable magazine, charger strip, hopper, or 
belt. In order to meet the American Army's re- 
quirer-ents for a machine gun, the weapon must 
be belt fed. Weapons which nc:mally employ 
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Fig. 9-4 tAachine ¢un 7.62-mm (NATO) M60. 


automatic fire will become hot rapidly, and re- 
quire a means of cooling. Thus, we have air 
at 


cooled and liquid cooled machine guns. Ma- 
chine guns are classified, according to their 


weight, ‘sht or izeavy. A weapon which 
weighs ..n 85 pounds is a light machine 
gun. If deigh: is $5 pounds or niore it is 


classified as heavy. 


9-3 BASIC COMPONENTS OF / ITREARM 


The components needed to fire ammuni- 
tion safely, accurately, and with the highest 
required velocity may be considered to consti- 
tute the basic Brearm. Every small arms weapon, 


92.1 


The receiver is the metal housing about which 
the whole weapon is assembled. Its counterpart 
on the artillery piece is the breech ring. The pur- 

of the receiver are: 

(a) To hold the breech end of the barrel. 

{b) To house the Dolt (or breechblock). 


regardss of type, must have four basic com- 
pone:.ts: (1) receiver; (2) harrel; (5) breech 
mechanism (bolt); and (4) Bring mechanism 
(Figure 95). 


(c) To house the firing mechanism (trigger, 


hammer, sear). 


(d) To hold the efector (usually). 


(e) ‘To hold the stock (grips in some wea- 
pons). 


(f) To hoid the fecd mechanism. 
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Fig. 9.5 Components of a basic firearm. 


9-3.2 BARREL 

Thx. barrei is similar to the ertillery tube and 
bas, in gencral, the same components (chamber, 
bore. etc.). The bore of the barrel is rifled to 
give the builet :otati = =_ stability in flight. 
The maximum diamete v: the bullet is siightly 
greater than the diumcter of the bore be tv-ren 
lands, so that as the bullet ‘ravels down &... wore 
the lands engrave the gilding metal jacket of the 
bullet, thus imparting rotation ard providing a 
see! which prevents the forward escape of the 


gas. 

Of the sevaral types of riding tvist found 
anzong sn:all arms, only ove type, uniforr.. (vist, 
is used presently in the rifting of U.S. military 
sroall arms weapons; ind the. direction of tvist 
is almost universally right hand, so thst the ro- 
tation of the bullet is clockwise as viewed from 
the breech nd. One notable exception is the .al. 
45 pistol, MIQLIA!, which has 6 lands aad 
grooves and uniform left hau! twist. The rifling 
of the cal. 0 rifle, MI, bas four lands avd four 
grooves, rivit hand twist, and one turn ix: 10 
inches; the rifling ‘s identified bv the abbrevia. 
tions: IR 10. 


9-3.3 BREECH FAICHANISM 


To be effective a breech machanisia must be 
safe, provide a secure lock to prevert opening 
undér the terrific gas pressure during firing, and 
minimize the danger of premature discharge. It 
must operate smoothly and rapidly and its parts 
must be strong and durable. The parts should 
be desimed to permit easy disassembly for 
proper cleaning after firing, and for quick repair 
<0 thac *he mechanism will not be disabled fur 
cong periuds of time. Most of the individual parts 
sould he jaterchangeable in mechanisms cf the 
same modci. Mechanically, the bolt incorpora*es 
the locking device, firing mechanism, and ex- 
tracting device. 

‘Tue locking of the breech mechanism may | 2 
accemplished in any of several ways. It may 
consist, as in the cal. .30 rifle, M1, of two lugs 
protruding from the sides of the bolt. These lugs 
enter deep notches in the receiver when the bolt 
is rotated in its forward position. On some wea- 
puns a sliding or hinged block noes into a re- 
cess locking th bolt ayainst the receiver. The 
Browning machine guns and the Browning Au- 
tomatic Rifle (BAR) use variations of this idea. 
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On some other automatic weapons, such as the 
cal. .45 submachine gun, M3A1, the bolt has no 
locking duvice, but depends upon its inertia to 
keen the breech closed until the propellent gas 
pressure has dropped to a safe limit. 


$3.4 FIRING MECHANISM 


The firing mechanism (Figure $-6) is a firing 
pin orstriker usually housed in the bolt or breech- 
block. Its purpose is to move forward, strike the 
primer, and fire the cartridge; this is accom- 
plished with the help of firing components such 
as the hammer, sear, and trigger. Firing pins are 
clessified as movable or fixed. 

A movable firing pin is a steel rod that runs 
iongitudinally thru the bolt and is driven for- 
ward either by spring expansion or hammer ac- 
tion. There are three types of movable firing 
pins: A free floating firing pin is driven forward 
by a sharp blow of a hammer and is retracted 
by cam action. An example of this type of 
mechanism is found in the cal. 30 rifle, MI. 
No spring force is used on either the forward or 
rearward movement of the pin. The percussion 
firing pin is driven forward by the force of a 
compressed driving spring. This type of mecha- 
nism is cocked by engaging a projection on the 
firing pin (in this case, usually referred to as a 
striker) with a sear, connected to the receiver. 
Wher the bolt or other type of breechblock is 
moved, forward the firing pin snring is com- 
pressed. Bolt action rifles and numerous pocket 
type pistols use this type of mechanism. An in- 
ertie firing pin is shorter than the Jength of the 
recess in which it is housed. This type of pin 
incorporates an excellent automatic safety device 
into the weapon in which it is used, as it requires 
a full, intentional blow of the hammer in order 
to function as intended. A spring, compressed 
on the forward movement, retracts the pin to its 
rear position after firing. This type of fring pin 
is used on the culiber 45 pistol, MI9IIAi. A 
fixed firing pir is cn integral part of the bolt or 
hammer of a weapon. In the case of the sub- 
machine gun, M3A1, it is a projection ou. the face 
of the bolt. When the bolt moves forward the 
firing pin strikes the primer of the cartridge as 
the round becomes fully chamberod. 

The bammer, sear, and trigger are shown in 
Figure 9-7. A sear is defined as a catch that hulds 
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Fig. 3-7 Firing components. 


the hammer ov firing pin, or sometimes the bolt, 
in a cocked or nonfiring position until the trigger 
is squeezed. 

Although not a part of the firearm in the sense 
tha‘ they are needed for firing, the safety mechaa- 
ism and the signting devices are essential com- 
ponents. The weapon must be safe to hendle 
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ever though it is loaded and 1eady to fire. The 
safety device fills this requirement if it positively 
blocks movement of the trigger, hammer, sear, or 
sometimes the bolt. 

There are twe types of sights on small arms: 
metallic sights and optical sights. A metallic 
sight includes a blade sight at the muzzle end 
of the barrel and an aperture, folding leaf, or 
open (U-shaped) sighi at the breech end. An 
optical sight may be simply a telescope attached 
to the weapon, as on the sniper’s rifle. 

Headspace should be considered in any dis- 
cussion of safety and dependability features in 
small arms. Headspace is defined as the distance 
from that part of the chamber that stops the for- 
ward movement of the cartridge case in chamber- 
ing (e.g., the shoulder of the chamber in the cal. 
80 rife, M1) to that part of the weapon which 


stops the rearward movement of the -artricge 
case when firing takes place, i.e., the face of the 
bolt. If this dimension is too large there wil he 
excessive headspace, and the pressure of fring 
will usually rupture the case and allow gases 
to escape, enJangerirg th.: ‘rer as well as lower- 
ing the chamber pressure. If the head«pace is 
too smal! the bolt may not close or the cartridge 
case mav be damaged in the chambeving step; 
the Jatter result would lessen the initial volume 
for the combusiion of the propellant, ie., increase 
the density of loading, and cause ex essive, pos- 
sibly dangerous pressure to be built up. Faulty 
headspace, causing damage to csrtridge cases, 
may also cause difficulty in the ¢-:traction of the 
case after firing. In most weapons, an adjust- 
ment of the headspace must be made whenever 
a barrel or bolt is changed; the importance of 
this adjustment should be appreciated. 


9-4 CYCLE OF OPERATION 


In firing successive rounds from a weapcn, 
there is a definite sequence or cycle of operations 
which must be followed. In automatic weapons 
the sequence varies according to the type of op- 
eration, as discussed in Per. 9-5. In manual weap- 
ons the cycle is broken down into eight 
mechanical steps: firing, unlocking, extracting, 
ejecting, feeding, chambering, locking, and cack- 
ing. For all weapons the cycle is relatively the 
same, although not always in the same sequerce. 

(a) Firing. Firing is the tripping of a sear or 
spring so that the firing pin may strike the primer 
of the cartridge. 

(b) Unlocking. Unlocking is the release of 
the bolt from the breech end of the barrel after 
the chamber pressuxe has dropped to a safe limit. 

(c) Extracting. Extracting is the removal of 


the cartridge case from the chamber az:ter firing. 

(d’ Ejecting. Ejecting is the expulsion of the 
cartridge case from the weapon after it has been 
withdrawn from the chamber. 

(e) Feeding. Feeding is the transfer of a new 
round into a position between the chamber and 
the bolt. 

(f) Chambering. Chambering is moving the 
new round forward into the chamber as the bolt 
closes, 

(g) Locking. Locking is the sealing of the. 
breech end of the barrel to contain the high 
chamber pressure. 

(h) Cocking. Cocking is the retraction ot the 
firing mechanism to provide sufficient energy for 
the firing pin to strike and fire the cartridge. 


9-5 BASIC TYPES OF OPERATION 


The type of operation which supplie: the force 
for firearms to function may be manual, recoil, 
gas, or blowback. Weapons using the last three 
types of operation jaye referred to as automatic 
or semiautomatic. Automatic means that the 


weapen is capete of firing a burst or succession 
of shots by a siugie, continuous depression of the 
trigger. Semiautomatic means that the weepon 
is capable of fring only a single shot with each 
pull of the trigger. 
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9-5.1 MANUAL 


A manually operated weapon requires human 
erergy to perform the phases of operation, in- 
cluding loading, firing, and ejecting the cartridge. 
Thus its fire cannot be automatic or semiauto- 
matic. The action is designed to be simple and 
fast, however, requiring only a minimum of op- 
erating effort. Manually operated weapons are 
fast disappeering from the military scene. The 
bolt action rifle is a classic example of a manually 
operated rifle. 


9-5.2 RECOIL 


Recoii operation utilizes the rearward thrust 
of the cartridge case against the face of the bolt 
(the kick of the weapon) to push the belt, bar- 
rel, and other parts rearward. This rearward 
movement of the barrel and bolt inside the re- 
ceiver causes cams to unlock the breech and 
actuate the operating mechanisms. Springs ure 
used to return the recoiling parts to battery. In 
recoil cperation the bolt is locked positively 
(mechanically) during firing. It must remain 
locked and must recoil simultaneously with the 
other paris until the gas pressure has subsided, 
so that it will not endanger the operator by re- 
leasing kigh pressure gas into the action. After 
the bullet has left the barrel, unlocking takes 
plaze; the moving parts separate; and the bolt 
travels to the rear. 


9-5.3 GAS 


Gas operated veapons utilize a portion of the 
expanding propellent gases to unlock the breech 
mechanism and move it to the rear. This is usu- 
ally accomplished by usiag the gas, diverted 
from the barrel through the gas port, te move a 
piston, which in turn is connected to the holt or 
breech mechanism. The resulting rmotion un- 
locks the bolt from the receiver; drives the bolt 
to the rear; and transmits the energy for all 





required operations. As in recoil operated weap- 
ons, a spring is used to store energy for the for- 
ward motion. The bagel does not move with 
respect to the receiver. Gas operation is adapt- 
able to either automatic or semiautomatic 
actions. 


9-5.4 BLOWBACK 


Blowback operation utilizes the pyessure of 
the propellent gases in the barrel to force the 
bolt to the rear. It provides no device or mechs- 
nism for locking the breech. The inertia of a very 
heavy bolt or slide, backed by a powerful spring, 
keeps the cartridge case seated in the chamber 
dusing the short period of time necessary for 
safety. In weapons firing from an open bolt po- 
sition, the round is fired before the bolt is fully 
forward so that the blowback force must over- 
come the final momentum ot the bolt and impart 
a rearward mor:entum before the breech is 
opened. 

Blowback is the simplest form of operatioa on 
automatic or semiautomatic weapons and is 
ideally suited to submachine guns and relatively 
low pressure semiantomatic pistols. The cal. 45 
pistol, M1911, is recoil operated, Lut not blow- 
back. The M3 submachine gun has a blowback 
type of operation. This system is not used in 
weapons that fire high pressure ammunition, be- 
cause an unreasonably heavy bolt would be re- 
quired. 

The principal difference between recoil and 
blowback operation hinges on the presence or 
absence of a method of locking the breech. If 
no form of ‘ock or mechanical, disadvantage, 
other than the weight of the recoiling parts and 
the tension of certain springs, is present, the 
weapon is said to be vlowback operated. If any 
form of lock or mechanical disadvantage is in- 
corporated into the action, such as locking cam 
surfaces, rotation of the barrel, or pivoted link. 
age, the weapon is said vo be recoil operated. 


9-6 CURRENT PROBLEMS AND TRENDS OF DEVELOPMENT 


The small arms designer of today is faced with 
problems which are so complex and varied that 
development in the field has becorie slow. How- 


ever, progress is not stegnant, aid since the 
termination of World War II, every small arms 
weapon has beea evaluated with a view towards 
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Fig. 9-8 Gun 20-mm T171E3 (six rotating barrels) on tes} mount. 


reducing the total number of weapors employed 
and ut the same time improving the overall char- 
acteristics. The present quest is for less weight and 
greater firepower (Figure 9-8). As ideas for ac- 


9-6.1 RECOIL 


The requirement of developing a rifle of mini- 
mum weight, capable of piojecting a bullet of 
given size and weight at a specified velocity. 
This presents to the designer a provlem basic to 
all small arms design: the cificient absorption 
and dissipation of energy. If a certain mass is to 
be propelled from a rifie barrel at extrem ac- 
celeration, the reactior: to the force causing the 
acceleration must be capable of being withstood 
by the firer. In the light of current knowledge, 
there are four ways of absorbing envugi of this 
reaction force to permit a man vo hold and fire 
the wsapon: 

(a) Have the mass of the weapon great 
enough to abrorb some of the energy. 


complishing these become development trends, as- 
sociated problems involving recoil, strength, hea’, 
erosion, corrosion, lubrication, and production are 
involved to an extent not encountered before. 


(b) Have some sort of built in recoil system. 

(c) Incorpo-ate a muzzle brake or compensa- 
tor. 

(d) Provide a gas tap of to the rear or the 
recoijless principle. 

Each of these four energy absorption n.ethods 
nas. been used at one time or another in th 
history of small arms development; however, for 
the sake of simplicity and safvty, the first named 
has been most widely used. Experiment is 
presently under way on the use of ccmpenssa- 
tors. which act ir. the manner cf a muzzle brake 
tc reduce recoil, since the reduction in weight 
of the piece means less mass to absori: recoil 
energy. 
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9-6.2 STRENGTH 


Reduced weight also poses the problem of 
maintaining s:fficient strength to withstand the 
force of firing grenades (roughly one additional 
pound of weight is required on the M14 to en- 
able the rifle to withstand grenade launching) 
and the rugged treatment unavoidable in train- 
ing and combat. Expriment in this direction is 
concerned with plastic stocks and stamped (hol- 
low) metallic (e.g., aluminum) stocks and hand- 
suards with a plastic, rubberlike coating for 
desirable handling characteristics. The develop- 
ment oi lighter stronger metal plays a large part 
in weapons engineering, and it is apparent that 
the smail arms designer musi not only have a 
complete knowledge of basic weapon action but 
“aust also be something of a metallurgist in his 
own right. 


9-6.3 HEAT AND EROSION 


The problem of erosion is a problem both in 
temperature control and in metallurgy. This 
problem is, of course, accentuated in automatic 
weapons. A high rate of fire generates a great 
amount of heat. The temperature of the barrel 
rises, the steel weakens, erosion occurs more 
rapidly, muzzle velocity drops, and accuracy is 
lost. Erosion is, of coucse, most severe near the 
breech, but is also a problem in the remainder 
of the bore. 

The barrel temperatures of ground weapons 
are held to a minimum basically in two ways: 
by heat transfer using a liquid coolant within a 
jacket around the barrel; and by direct heat con- 
duction through the barrel steel to the surround- 
ing air convection currents. 

Of the two methoos of cooling, water cocling is 
the most effective. However, this system in- 
creases the weight of the weapou and reduces 
mobility. The barrel is encased in a jacket which 
holds water to cool the barrel duxing firing. 

Although not as effective as water cooling, air 
cooling is simple and reduces the weight require- 
ment. Air contact with the barrel dissipates the 
heat. Aircraft weapons, which may be openly 
erposed to a great rush of air when the plane 
is in flight, can have relatively iight barrels. This 
sanple exposure, however, is net sufficient in 
ground weapoas, and integrai fins, ribs, or rings 
may be added to the barrel. 
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The trend today is toward the use of heavy, air 
cooled barrels of special alloy steels that retain 
normal properties throughout a wide tempere- 
ture range. This provides increased mass and 
greater heat capacity and will keep temperatures 
within reasonable limits. Thus to increase heat 
capacity these barrels are several times larger 
than would be necessary for ballistic strength 
requirements. 

A further step in the control ef erosion is the 
standard practice at Springfield Armory of in- 
serting a 9-inch stellite jiner in the breech end 
of aircraft machine guns and plating the re- 
mainder of the bore with chromium. Stellite is 
a nonferrous alloy consisting primarily of cobalt 
and chromium. It is a very hard material, and, 
of greatest importance, it retains its hardness at 
high operating temperatures. The chrome plat- 
ing in the bore also retards erosion. 


9-64 CORROSION 


The role of the metallurgist is an important 
one also in connection with the corrosion of 
metal. There are three finishes in general use by 
the Ordnance Corps for finishing small arms and 
parts thereof: 

(a) Parkerizing, a zinc base phosphate. 

(b) Parco Lubrite, a manganese base phos- 
phate. 

(c) Pentrate, an oxide. 

Parkerizing is by fur the most efficient aad 
durable rust preventive finish and is therefore in 
very wide use by the Ordnance Corps in lazge 
manufacturing and depot installations. 

On some small moving parts which have close 
tolerances Parkerizing and Parco J.ubrite can- 
not be used, because the slight amount of build 
up which occurs in phosphating will change the 
dimensions of the parts. The texture of a phos- 
phated surface increases friction and is there- 
fore not used on such parts as cams; however, 
such a surface is more resistant to abrasion (hou 
a Pentrate finish. 

Although Pentrate 1s at the bottom of the list 
as a rust resistant finisn, it is in wide use because 
of its simplicity of application and the fact that 
it causes no change in the size of parts, there 
being actually a surface penetration of .00035 to 
.00045 inches. The blue finish sometimes seen on 
commercially produced small arms is an oxi- 
dized finish similar to a Pentrate finish. 
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Two types of finishes are used cn the same 
weapon in many cases in smal! art. For ex- 
ample, the Browning Machine Sun, cul. .30, 
M1919A8, has a Parkerized receiver, barrel 
jacket, and barrel, but the bolt and other small 
moving paits are finished with Pentrate. 


9-6.5 LUBRICATION 


Whether or not a weapon requires frequent 
lubrication is an important consideration in gun 
design. Several fine actions have been developed 
only to be rejected because of the operational 
requirement of careful and continuous lubrica- 
tion of moving parts. It is important also that it 
be unnecessary to lubricate the cartridges to in- 
sure proper frnctioning, because of the dirt and 
grit to which ammunition is subjected in the 
field. 

Considerable attention is being givon to the 
operation and maintenance of weapons under 
arctic conditions and other severe climatic con- 





ditions. In addition to the weapons design prob- 
lem, this presents, of course, problems in 
explosives and in lubricants. 


94.6 PRODUCTION 


SuitaLility of the weapon for mass production 
at minimum cost is another must for the military 
small arms designer. At the same time, however, 
care raust be taken that in reducing production 
problems critical dimensions are not changed to 
the extent that functioning is impaired. 

The importance of designing with mass pro- 
duction in mind will be appreciated when it is 
recalled that small arms are used in vast num- 
bers. During the years 1940-1945, Springfield 
Armory alone produced over 4,000,000 M1 rifles, 
with a peak prcduction of 122,000 rifles per 
month. During this period increasingly efficient 
mass production methods brought the direct 
labor and material cost per rifle down from the 
original $214.54 to $26.08. 


9-7 RECOILLESS RIFLES--INTRODUCTION 


The rapid movement of modern warfare has 
given emphasis to the long recognized necessity 
of providing the infantryman with increased fire- 
power. One of the first steps toward hand ar- 
tillery for the infantry was the rifle grenade. 
This »nakes the rifle a large caliber weapon, but, 
of cyurse, range is short, accuracy is poor, and 
the recoil is considerable. The shoulder fired 
bazouka rocket launcher which «ppeared in 1948, 
solved the recoil problem, and being actually 
recoilless, improved the range and accuracy, and 
fired a larger projectile, but there was an urgency 
for still greater accuracy and range. This led to 


an investigation of the practicability of firing a 
conventional type projectile from a weapon 
whick would counteract recoil by the discharge 
of a portion of the gases fron: the propellant, i.e., 
leaving the rocket motor behind in the gun, so 
to speak, and still letting the exhaust gases es- 
cape from the rear. Such a recoilless artillery 
piece would eliminate the need for a recoil 
mechanism and materially decrease the weight 
of the mount, giving the soldier hand artillery. 
The recoilless rifle, in 57-mm and 75-mm versions, 
made its debut in 1945, and a 105-mm rifle fol- 
lowed soon after. 


9-8 GENERAL CHARACTERISTICS 


A recoiliess rifle delivers no recoil to its mount 
or, if it is shoulder fired, to the person of the 
firer. The recoilless rifles of the American army 
are large caliber weapons of light weight, great 
striking power, ai.d accuracy. They can be car- 
ried by hand and, in the case of the 57-mm rifle 
(Figure 9-9), fired from the shoulder. Whereas 


a howitzer may weigh one hundred times as 
much as the projectile it fires, a recoilless rifle 
weighs only about ten times the weight of its 
projectiic. A price is paid for this, however, in 
that the complete round is heavier for the re- 
coilless rifle. 

Although recoilless rifles are in one sense light 
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Fig. 9-9 Phantora view of recoilless rifle showing loaded round, trigger linkage, 
breech, and firing mechanism. 


artillery pieces, in concept, design, and tactical 
employment they might te classified with small 
arms, in that they are weapons carried and used 
by the individual man or a smaii team of men. 

The recoilless rifle tas an abnormally large 
chamber (igure 9-9) and is only partially 
closed at the rear »y the breechblock which con- 
tains the nuzzles or venturis for the rearward re- 
le:se of the gas. 

Like the standard artillery piece the recoilless 
weapon has a rifled bore a:d fires a conventional 
projectile witn a standard fuze, although the ro- 
tating band on the projectile is pre-engraved. 
The ammunition in use is a fixed type in which 
the cartridge case differs from the conventional 
in that it permits escape of the gases to the rear 
throug perforations in its walls after a certain 
comparatively low pressure has been reached. 
The density of loading is nigh in these rounds, 

The xecoilless reund of ammunition differs 


from the rocket (as does the standa:d artiilery 
complete round) ia that the projectile or pay- 
load is the only part that travels f:om the weapon 
after the propelling charge is expended. 

As in any mobile weapor. design, weight and 
size are critical factors. Increase in maximum 
pressure would requirg increased strength and 
greater weight. Incrzased projectile travel would 
permit a decrease in pressure but an increase in 
w2apon length and weight. An increase of the 
ratio of average pressure to maximum pressure 
could be attained, as in conventional guns, by an 
adjustment of loading density, powder web, and 
weight of propellent charge. Such 2 change 
would reduce the maximum pressure and the 
travel at the expense of increased complere 
round weight. No practical solution near the 
ideal exists. The opposed weight and ballistic 
performance criteria are compromised to yield 
the basic proportions incorporated in American 
recoilless rifles, 


9-9 PRINCIPLE OF GPERATION 


In a ciosed mechattical system, acted upon by 
internal forces only, the total change in momen- 
tum imparted to all the elements of the system 
in a given period of time must equal zero. This 
is Cescribed ty Newton's Jaws of motion. In 


conventional guns (Figure 9-10), recoil inecha- 
nisms notwithstanding, great external force must 
be applied tarough the carnage to keep the cer- 
riage in equilibrium. Similarly, the kick and re- 
coil one experiences when firing a rifle is evidence 


9-13 





te 


adaret aes eect eeee 








WEAPON SYSTEMS AND COMPONENTS 





Recolling Parts 
eo 





Externel Feces 


Applind te Gua Mount . 


TMA IIMTMAL ET!) — Ww ww mw mm 









Fig. 9-10 Standard artillery piece. 
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Fig. 9-11 Recoilless rifle. 


of the external force he must exert to hold the 
weapon. Neither of these types cf weapons, 
therefore, is a closed mechanical system. But 
if we ask for a weapon which fires a projectile 
and yet sustains no force from its mount, a re- 
coilless weapon, then this weapon we seek is 
subject to the laws of a closed mechanics! sys- 
tem, and the net momentum obtained in the sys- 
tem as a result of firing must equal zero. 

The elements of this sysiem are indicated 
schematically in Figure §-11. The projectile is 
one element, moving forward. Let its mass be 
m, and its velocity be 0,. Some of the propellent 
gases, of mass m,, move forward, too, behind the 
projectile with soiae velocity v,; but most of 
the gases, a mass m,, escape to the rear through 
the nozzles, with a discharge velocity v,. The re- 
coilless rifle itself should have zero momentum, 
i.e., be stationary, as a result of the firing. Let its 
mass be 2, and its v slocity be v,. All velocities 
are iaken at the same thae. Now, the law given 
above may be stated in the following equation, 
taking each velocity to be positive in the direc- 
tion of the correspondiny arrow (Figure 9-11): 


mit: + mo, — my © my, 

(Projectile (Forward (Rearward (Racoilleee 

Gases) Gases) Gases) fifle) 
=0. (91) 


Thus, for the rifle to be recoilless (vu, = 0), we 
must have 

Mads = Mi, + Mats. (9-2) 
That is, the momenta of the forward moving pro- 
jectile and gases must be equal and opposite in 
direction to the momentum of the rearward mov- 
ing gases discharged through the breech. 

The forces of propulsion are operative fcr only 
about 0.01 second. If (9-2) holds true for ve- 
locities of the gases and projectile at all times 
during this firing period, then the momentum 
of the weapon, 1,v,, must equai zero at all times 
during firing, and the net force on the weapon at 
each instant must equal zero. This situation 
characterizes absolute recoillessness; the force 
vending io make the gun recoil at each .astant is 
opposed by an equal and opposite force. if, on 
the other hand, we require only that (9-2) hola 
true at the end of the firing period, i.e., that the 
final velocity ard momentum of the gun equal 
zero, then the momentum m,v, aeed not equal 
zero at all times during fring, and our weapon is 
scid to have meen zecoillessness, or be recoilless 
in the mean. The total momentum applied to it 
over the firing pe.iod is sti]! zero, but it may sus- 
tain large forc>s, unneutraiized during parts of 
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Fig. $-12 The 75-mmi rifle M20 on tripod mount. 


the pressure interval and other oppositely di- 
rected forces during other portions of the inter- 
val. Recoilless rifles are usually recoiiless in the 
mean. 

Visual observation of a recoilless rifle will 
prokably give no clue to the type of recoilless- 
1ass it exhibits since, v:ith the short time in- 
volved, no motion will be apparent with either 
type of balance. Mountings, however, nuust take 
account of the difference since a weapon, recoil- 
less in raean only, ;1ay transmit tremendous 
stresses to a mount not sufficiently Sexible to per- 
mit their absorption by the inertia of the weapon 
itsef. An absolutely recoilless weapon will place 
no firing stresses on the mount. In either case 
the weight of the mount may be held to a :nini- 
mum (Figure 9-12), Even tix. torque transferred 
*a the weapon as a reaction to the rotary accelera- 
tion of the projectile is neutralized by inclination 
of the venturi apenings with respect to the bore 


axis. 

wet us return to (9-1) and (9-2), considering 
velocities to be those at the end of the firing 
period, to explain some more facts about recoil- 
less rifles. Since the mass of the rearward moving 
gases, m,, is small compared to the projectile 
mass, im,, we can see the need for a nozzle, or 
nozzles, to give the jet a very high velocity and 
make the product m,v, sufficiently large. The 
ratio of the throat area of the nozzle to the area 
of the bore is roughly 1 to 1.45. If the nozzles 
shculd become restricted so that the mass m, is 
less than it should be, then (9-2) will not be 
satisficd, and (9-1) tells us that m,v,, the momer- 
tum cf the rifle, will have some negative value, 
which is to say, the piece will kick to the rear 
when fred. And if the nozzles should wear and 
becorre too large, then m, will be too great, 
(9-2) will not be satisfied, and (3-1) indicates 
that the rifle will jump forward upon firing. 
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9-10 MAINTAINING RECOILLESSNESS 


A 1ecoilless rifle as issued may recoil slightly 
be. ause the nozzles are made somewhat under 
size to allow for erosion. As the nozzies crode, 
Lowever, and become larger, the piece will be- 
come actually recoilless. At a still later stage of 
wear, the nozzles will be oversize, and the piece 
will jump forward slightly when fired. 

To maintain the balance in recoilless rifles as 
the nozzles wear, three devices are currently em- 
ployed on various rifles. These are discussed 
briefly below. It may be expected that metal- 
lurgical advances, making nozzles less subject 
to erosion, will render such devices unnecessary 
sometime in the future. 

One device for keeping a recoilless rifle in 
balance is called a cone (Figure 9-13). As- 
sembled to the rifle forward of the position of 
the breechblock when closed, the cone controls 





the flow of gases through the nozzles to the rear. 
Replacement cones of differ... sizes are issued 
with each rifle and cay: be installed by using unit 
personnel as needed. 

A second device consists cf a throat ring and 
throat blocks (Figure 9-14). As is the case with 
the cone, the throat ring and blocks r«strict the 
flow of gas through the nozzles without affecting 
appreciably the efficiency of the nozzle contour. 
Like the cone, also, throat rings and blocks in 
several sizes are issued with the rifle and can be 
installed by the using unit as needed. 

Still another device is a replaceable vent hush- 
ing (Figure 9-15). Tiss contains the major part 
of the nozzies, the remaining part Leing con- 
tained in the breechblock. The replacement of 
the vent bushing to restore balance to a ritle, 
however, is a job for ordnance personnel. 
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Fig. 9-15 Vent busting. 


9-11 COMPARISON OF RECOILLESS RIFLES WITH STANDARD 
ARTILLERY PIECES AND ROCKETS 


It is always difficult to make a comparison that 
means anything without going in great detail into 
meny phases of the subject. It is the purpose 


9-11.12 SIMPLICITY AND WEIGHT 


Table 9-1 shows in a general way that the re- 
coilless rifle has a great advantage: over the 
standard artillery piece in weight, which has 
been cut down in the rifle to a smali fraction of 
that ot the howilzcr of corresponding caliber. 
This has been done with some sacrifice in velucity 
and range, in most cases, and by the addition of 
considerable propellant. The tube of the -ecoil- 
less rife is one that must stand fressures of 
roughly 5000 to 10,000 psi. The ratio of average 
to maximum pressure is higher than for the 
standar( artillery piece, which is to say that the 
pressure does not drop off as rapidly in the rifle. 
From necessity it must be heavier thar a cor- 
parable tubular rocket launcher, which primarily 
must withstand the heat and bl-st action of the 
gases of the rocket, but yet considerably lighter 
than the tube of an arti'lery piece. in a standard 
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here to give some general data which will illus- 
trate the three types of weapons and indicate 
their utility. 


gun the recoil mechanism adds a iarge percentaze 
to the total weight of the piece. In recoilless 
rides there is no recoil mechanism. In addiricn, 
the supporting carriage and spades can be very 
light and simple. The overall result is that v'eight 
of a recoilless piece i: naterially cul duwn over 
the convent‘onal tye. This may be iliustrated 
by our 75-:nin .<coiliess rifle which uses a cal. 80 
tnachine gun mvunt, modified in a few respects 
to taxe the tube. Alsc, as an example, the J7-mm 
rifle is used cs a shoulder ¥» apon. 


9-11.2 ACCELERATION AI:D VELOCITY 


The avezage scceleration given a projecdle 
fired from a recoilless rifle is of about the same 
magnitece as that ~f a stadard artillery piece. 
The velocities are a little less than those of 3 
howitzer of comparable caliber. However, a di- 
rect comparison cf the tecnilless rifle with the 
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TABLE 9-1 COMPARISON OF RECOILLESS RIFLE WITH STANDARD AQTINLERY PIECES 









































; Total Type Proj. 
Type Piece | wt,Ib| Rd. | Wt, Ib 
Recoilless 73-mm 168 ' HE-AT | 13.19 
Rifle M20 HE 14.40 
Howitzer 75-mm 1440 HE-AT « 13.37 
HE 14.7 
d Se Fa ee ge ae te Te ane ite, 1 
Rocket | 4.6 in. — HE | — 4.75 
Recoilless 
Rifle 











corresponding howitzer which fires the same 
shell with the same velocity will indicate the rela- 
tive efficiency of the two weapons with respect tc 
utilizing the available propellent energy. The 
howitzer requires 1.04 pounds of propellant to 
give the 13.37 H.E.,A.T. projectile a velocity of 
1000 ft/sec; whereas the reco:less rifle requires 
2.8 pounds of propellant. In accordance with 
(9-2), the difference of vropellant weight is ac- 
counted for by the necessity of maintaining re- 
coillessness. 


9-11.3 ACCURACY AND RANGE 


The accuracy and range of recoilless rifles are 
in general about the same as for standard artil- 
lery pieces of similar caliber and muzzle velocity, 
ie., howitzers. The accuracy hie of recoilless 
rifles is set by erosion of the nozzies, with a re- 
sulting loss of recoillessness, although it is ap- 
parently adequate for mosi tactical applications 
of the weapons. Fox example, the estimated use- 
ful life of the 75-nim, M2U rifle is 2000 rounds. 
The estimated life of the vent bushing, however, 
is approximately 500 rounds. 


9-11.4 BLAST 


The main drawback to the use of recoilless 
rifles is the tremendous biast that results from 
the escape u* powder gas to the rear of the gun. 


































Personnel and materiel must be adequately pro- 
tected for many yards to the rear. 

The danger zone for the 57-mm rifle is a cone 
extending 50 feet to the rear of the weapon and 
40 feet wide at its widest point. Personnel within 
100 feet of the rear of the breech must not face 
the weapcn because of the danger of ilying par- 
ticles thrown up by the blast action. 

This biast has another effect in that it may be 
the means of enemy observation of battery loca- 
tions. It would be desirable to have it reduced 
or eliminated. On the other hand, there have 
been cases in Korea in which recoilless rifles have 
not been identified as such by opposing forces 
during many days of operation. 


9-11.58 TatTICAL CONSIDERATIONS 


Both recoilless rifles and rockets have advan- 
tages in that at times ‘hey can be tactically em- 
ployed where the gun or howitzer cannot. This 
would be true in terrain inaccessible to guns or 
where recoil forces must be considered, as on 
smal' boats or on planes. The recoil force of a 
gun is great and limits the size that could be 
fired from frail crafts without Gamage. 

For delivery of a certain payloac: at the higher 
velocities or for great ranges, conventional ar- 
tillery is better than the reczilless piece. 
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9-12 FUTURE DEVELOPMENTS 


The now standard .ecoilless rifles are in part 
the results of compromise and expediency dic- 
tated by the urgency of wartime development. 
Developinent of larger caliber and higher muzzle 
velocity weapons is being actively prosecuted. 
Weighi reductions are likewise being under- 
taken. Minimum rossible weight in a recoilless 
rifle i. determined by the strength of materials 
available for use and by energy levels dictated 
by projectile weight and velocity. The recoilless 
principle itself places no design limitation on the 


muzzle energy of the projectile the rifle will fire. 


Blast from recoilless rifles is an inherent char- 
acteristic of their design. Methods for deflection 
of this blast, where such deflection is required, 
have been studied; but the magnitude of the 
blast is determined by the projectile energy and 
is, in its very nature, incapable o! considerable 
reduction. Reduction of smoke and fiash from 
recoilless rifles is being studied and progress in 
this direction is assured. 
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DYNAMIC SYSTEMS ANAL ::5 


10-1 


As weapons become more complex, their de- 
sign becomes increasingly difficult. Design no 
longer can be accomplished by trial aad error 
techniques or by static analysis. It now is neces- 
sary to analyze systems that move cr have :-ov- 
ing parts utilizing dynamic considerations ‘The 
process is not simple, but will save much time 


bee 


INTRODUCTION 


and expense if done carefully, pricr to the manu- 
facture of the equipment itself. Fundamentally, 
the analvsis consists of determining the differ- 
ential equation of motion and solving this equa- 
tion. The solution will give the response 
characteristics of the system and can tell the en- 
gineer what parameters must be changed in cr- 
der to obtain best weapon performance. 


10-2 ANALYSIS OF AUTOMATIC WEAPONS 


It has not been many years since auiomatic ard 
semiautomatic weapons were principally de- 
veloped by single meu such as Browning, Mauser, 
",ewis, Colt, Garand, Thompson, Johnson, etc., 
using a combination of mechanical skill ard a 
knowledge of past mistakes that we have come 
to call know-how. Little or none of the so-called 
analytical approach was considered necessary. 
For the last decade, however, due to demands 
from users for severely increased muzzle veloci- 
ties and cyclic rates, there has been an ever- 
increasing necessity to apply the wasic laws of 
mechanics to the working parts of new we:pons. 
Many of the new aircraft cannon, for example, 
are so complex and their functioning is affected 
by sc many variables that it would be virtually 
impossible (as we!l as prohibitively expensive ) 
to develop therm hy a cut-and-dr’ method. 

In order to illustrate the analytic approach, let 
us consider the dynamic problem of the move- 
ment of a buit in th: blowback operated sub- 
machine gun, the standard M3. The M3 is used 
in this example only as a means of illustrating 
the technique of analyzing a dynamic system. 
This example is representative of a very simple 
system, but the same procedure would be fol- 
lowed for mure complex dynamic systems such 
as airfraines spring suspensions for automobiles, 
guidance packages. and a multitude of similar 
systems, (Refer to Chapter 2, Part 3, for a 
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qualitative analysis o£ control systems.) A sche- 
matic representation of the M3 submachine gun 
bolt is shown in Figure 10-1. Nets only a single 
spring is shown. 

The bolt is represented by the mass M. The 
stiffness of the cpring is denoted by its effective 
spring constant, k, which is the number of pounds 
force necessary to compress the spring one foot. 
Between the mass and the rigid support is shown 
a dashpot mechanism to represent the ~‘scous 
friction or damping in the system. 4n external 
force F(t) ic shown acting on the mas. and rep- 
resents the force on the bolt due to puwder gas 
pressure in the chainber and vazies with tirne as 
the chamber pressure varies. The problem, then, 
is to calculate the motiow cs time changes of the 
mass M due to this exterrai force. Or, in other 
words, if x is the distance beiween any instan- 
taneous position of the mass during its motior 
and the equilibrium position, find a as a function 


ee 
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F(t) 4 M ay 


Fig. 19-1 
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Schematic cf M3 SMG bo:’. 
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of time. The equation of motion whic. is about 
to be derived is nothing but a mathematical 
expression of Newton's second law, 


Foree = mass X acceleration 


Ail forces acting on the mass will be considerec 
positive when acting to the right (to produce a 
positive displacement) and negative when acting 
to the left. 

‘the spring force is —kx pounds, The sign ot 
the spring force is negative because it is reristing 
a positive displacement. 

The damping fo-ce of the dashpot is —c a 
or —c% pounds. It is proportional to the velocity 
and directed -pposite to it, and is, therefore, also 
negative, 

Newton's law then gives: 

M&M 3 @ P() — ke ck 

dt? 
or 
Mi+cr+kz = F(t) (10-1) 


This equation is known as tne differeniial 
equation of motiva of a single-dey:ree-ot-freedorn 
system. The four terms in (10-1' are the inertia 
force, the damping force, the spring force and 
the external force. 

A rigorous solution cf this :quation becomes 
evtre nely difficult due to the manner ir. which 
the external force, F(t), . ari‘ s with time. This 
variation is shown graphicaliy in Figure 10-2, but 
can be approximated analytically only by an 
infinite number of cosine and sine terms (a 
Fourier series). 

Rather than tackle here a second order differ- 
ential equation involving an infinite F: urier s:ries, 
the solution to which requires such mathematical 
devices as Laplace transformations, let us exam- 
ine the system in an attempt to simptity it 


Paene (Ber) 
antes 


Fig. 10-2 Forcing function of M3 SAG bolt. 








sufficiently to allow at least a first approximation 
of the solution to be obtained quickly. Figure 
10-2 shows that the time during which the ex- 
ternal foree F(t) acts on the mass is very small 
compared to the total cycle time (actually less 
than 1100). This suggest: that instead c! treat- 
ing the prcblem as a forced vibration, we might 
consider it as a free vibration with the external 
force determiring the imtial conditions. Our 
differer.tial equation of motion will now reduce to: 
M 2 + cz + tx = Osubject to the initial con- 
dition » == v, at time ¢ = 0 

(10-2) 

a general solution to which ray Le shown to be: 


ct 
r= ems vesgt + (2 + zs.) sing! 
NG OMG. : 


10-3) 

M 4 

initial position and velocity of the bolt at the in- 
stant of fring (¢ = 0). 

Examination of an *13 submachine gun shows 

that the value of c is a small fraction compared 

to the other parameters, so, for a first approxima- 


tion, c can be eliminated. This corsiderably 
simplifies (10-3) and the solution now is: 


, und zo and ry represent, the 


Uo. 
X= Lo CC8wal + -~ Siw, (10-4) 
Ww 


1 


W'eTe Wa = Vi is the undamped natural fre- 


quency of the system. 

In ordez to analyze the significance of (10-4) 
it wil be convenient .f we have only one trigo- 
nometric function in the equation racher than 
two. This can be =2compiished by the use of 
algebra and a trigonometric identity. 

Divide (10-4) through by the square roo‘ of 
ine sum of the squares of the coefficients cf the 
trigonometric terms: 


Ue. 
— sin w,! 
w@, 


we 
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DYNAMIC SYSTEANiS ANALYSIS | 
7 } | The relationship of the constant terms in the or i 
: above equation can be shown in Figure 10-3. 7 m\. | 
: X= 4/Io? + (2) 8in (wat + y) (10-5) +. 
: Equation (10-5) represents the positicn of the i 
f bolt at any time, t. The equation is a pure sine | 
4 eee 4 
§ wave of maximum amplitude Pe Eu soe i 
y \ Wn { { 
; fan y = Xn — and frequency (w,f + y). Recalliny the initial j 
| ¥ Yo conditions at t = 0 were x, and _v,, ‘he graphical 4 
| ' solution is easily determined, as shc wn in Figure ‘ 
{ 10-4. ; 
| : Comparing (10-5) and Figure 0-4, it is seen : 
to that the bolt reaches its first ma imum positive i 
: eI 
| ' *) displacemenit, x,,,2 at time £ = . - 2. ; 
; 8 eee 
i Fig. 10-3 Graphical representatior of The slope of the curve at any point rep:esents 
{ ; trigonometric selationships. bolt velocity, so that, at x,,,,, tle bolt stops and 
4 “nus: begins to close with a negative velocity. The 3 
: vee slope at x, is v,. ; 
) t ae me Bin 7 008 inst + cosy sinw,t If the bolt is now inserted in the machine gui, u 
le + (ey and the travel of the belt is limited to positions 
1 : Wn between x, and x..,, only the portion of Figure ‘ 
} The right side of this equation is the trigo- nee ak ees i ns = ots =e aatet est: this ‘ 
j } nometric identity for ibe sine of the sum of two = “Un Crose position of. Ure: Bout 388t an ; 
. a the fully open position is at >,,,,. The distance 
angles, therefore RE aoe acy ; 
between these positions is given by (10-6). The 
ae ntact 4) time required for the bolt to fully open is given 
ve 24 (%\’ by (10-7). The time required for tlie bolt to close 
| ‘ Wn is exactiv the same. 
. 5 
4 
i 
et 
s \ to\? . 
4} Fig. 10-4 Plot of z= fz + — Bin (aat+y). 
~ Wa 
10-3 
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Uo \2 
Imax ~ Ly = a [20° + (2) — To (16-6) 


es 1 
T= ‘ seconds per ; cycle (10-7) 








The time required for a complete cycle of 
operation is 2T secunds, so the cyclic rate of 
fire is: 


CR = = rounds per minute (10-8) 


Now apply (10-6), (10-7) and (10-8) to the 
submachine gun M3. The following data apply 
to this gun: 

projectile weight = 230 grains 

charge weight = 7 grains 

boli weight = 2 pounds 

muzzle velocity = 830 ft/sec 

spring constant = .7 lb/i::. (for each of 2 springs) 
initial spring compressiun = 6 in. 
Note: 1 Ih = 7000 grain: 

If the gun itself remains stationary, and mo- 
reentum in the closed system of gun, bolt, 
projectile and gases is conserved, then the mo- 
menium imparted to the bolt may be determined 
as foliows: 

(bolt} (projecti:2) (gases) 

M, Vi = Af, V; + MM, V; 


= 200 (650) 
7000 X 32.2 


i 


7 
z 7000 &. 32.2 





4700) 


= 1 lb sec 


ixate: the 4700 £t/sec value for the velocity of the gas 
is an cm,.irical valus for the eRective velocity 
of the gas out of th: muzzle. 


The corresponding initial rearward velocity, 
v, may be obtained sy dividing the inomentum 
by the mass of the bolt 


1 Ib sec 
2/32.2 
This initial condition of rearward velocity, 0,, 
may also !.> obtained directly by the equation 
yy = PY +4700 ¢ _ 230 > 830 + 1700 X7 
Ww 2X 70C9 
= 18.1 ft/sec 


= 16.1 ft/sec 





AND COMPONENTS 





The undamped natural frequency of the sys- 
tem is, 


Pie Ho PRIXE XS 
“NM 2 

w, = 15.4 rad/see 

The maximum length of bolt recoil is then 
(from 10-6): 


2 
Zmaz — To = et + a reece’ 
Wn 
ENG 
: Ve re a ae 
2 (16.4)? 2 
= .6 ft or 7.2 in. 


From (10-7) the time required for this length 
of recoil may be found, 





Thy 
Pecos: 
Wn 
«Pan (228) 
7 j tan t , | 
On 
-— 47 
= ——— = 067 sec 
16.4 


and the cyclic rate of the gun is, therefore, 
60 
33< 067° 447 rounds per minute 


In order to illustrate the validity of this method 
of solving the differential equation -* motion of 
a dynamic system for determination of response 
characteristics, results using energy techniques 
will be included. Obtaining results solely from 
energy considerations would be virtually impos- 
sible for mcre complex systems. 

The maximum length of bo:t recoil can be 
checked ty the method ot Chapter 10, Higdon 
and Stiles. The kinetic energy put into the bolt 
is: 


KEx~! My, 
2 


1 2 
= - —— (16.1)? 
2 322 | ! 


= 8.05 ft-lb 
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DYNAMIC SYSTEMS ANALYSIS 


This must equal the enercy inpvt into the snring 
or the work done on the 9:2, (neglecting fric- 
tion). Referring to Figure 10-4, the work done 
on the spring can be seen to be: 
work = (averug2 spring force) 
X (recoil distance) 


8.05 ft-lb = k (et) X (Lmaz - Xo) 


j OO + Imaz 
8.05 ft-lb = (2 x .7 x 12) X (242) 


x (2raz 4 .5) 





SY “tee eS 


Xma: = 6 ft or 7.2 in. 


Further examination of Figure 10-4 shows that 
the maximum force transmitted toe the shoulder 
of the firer is: 


Fryar = k fmaz = 1.4 % 12 X 1.) = 18.5 pounds 


The fact that this figure is very high for auto- 
matic small arms is one explanation for the 
tendency of this weapon to move when fired au- 
toma’ically for sustained bursts. 


10-3 ANALOG COFAPUTER SOLUTION 


The equation of motion of the M3 bolt, neglect- 
ing friction, was derived in the prece ding para- 
graph, and was found to be: 

Mi+kzr=0 (10-9) 
w'th initial conditions at t == 9 of x, and »,. 
(149) may be conveniently written as: 

Z+ on? z= 0. (10-10) 
In the illustrative exampie, o, was found to be 


. rad ; 
16.4 sec? 8° (10-1€) becomes: 


242702 =0 (10-11) 
To slow the solut.ou down for visual observa- 
tion of an oscilloscope or a pen vecorder, it is de- 
sirable that the so:ution frequency be in the 


neighborhood of only 1 ted . To obtain this 
sec 


slower computer speed, simply divide o, by 20 


to produce a new natural frequency of agtad , 
remembering to multiply the measured cyclic 
rate by the same factcr of 20 to return the sotu- 
tion to real time. Eyuation (10-11‘ now be- 


comes: 


270 « 
$+“ 2=0 or F=—875 2 (10-12 
Zz tl or z ( ) 


The wiring schematic for the analog compnter 
is shown in Figure 10-5. Nefer to Chapter 3, 
Part 3, for the method of obtaining this diagram. 

The cumputer solution simuiates the action of 
the gun, enab'ing the designer to test the result 
cf varying bolt weight, spring tension, or recoil 
velocity without actually building a weapon. If 
the designer wishes te study the effects of vis- 
cous friction, Figure 10-5 may be moaified by 
the addition of a single resistance f2d buck across 
the first amplifier. 





Fig. 10-5 Computer diagram for M3 bolt oreb!ein. 
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CHAPTER 11 
AMMUNITION AND WARHEADS 


In generai, small arms include those weapons 
whose caliber (bore diameter across the lands) 
is not greater than 0.6 inch (caliber .60). This 
is an arbitrary figure, and in practice it is thee- 
fore difficult to draw a line between artillery and 
small armr. A usual distinguishing feature of 
small arms amraunition is the fact that it las no 
fuze ‘vhile most artillery ammunition is fuzed to 
achieve a pazticular terminal effect. Pistols, 


SMALL ARMS AMMUNITION—INTRODUCTION 


rifles, and machine guns, from caliber .22 through 
caliber .60, and shotguns, constitute the array of 
weapons usually thougnt of as small arms. Ex- 
amples of specific weapons are the caliber .22 
target rifle, the caliber .30 rifle and machine gun, 
the caliber .45 pistol and submachine gun. Each 
of these weapons has a vaciety of ammunition 
types designed for particular purposes, giving 
considerable versatility in performance. 


41-2 HISTORY 


A cartridge under our present military mean- 
ing is a complete round of ammuniticn for a fire- 
arm. The term cartridge comes to us from about 
the turv. of the sixteenth century. The roct word 
from which it comes is the Latin car’a meaning 
paper. fhe term originated with the French in 
the word cartouche, meaning a roll of paper. 

The ea:liest recorded use of a paper cartridge 
was in 1625 when Gustavus Adolphus issued 
them to his troops. The paper cartridge offered 
the advanteze of quickly loading the weapon of 
the day with a uniform load. These cartridges 
were made by enclosin,: one or more bullets and 
a charge of powde> into a roll of paper. The «nds 
of the paper rol! were tied with a string, or sealed 
with paste to keep the cartridge tugether. Grease 
was usually added to the paper to lubri ate the 
bore and to retard water absorption by the puw- 
der (Figure il-ia). 

Cartridges of this periot were ignited through 
touch holes in the brerch end of the barrel. 
Loading was from the muzzle requiring exces- 
sive allowance between ciametcr of the rifle ball 
and the bore diamet>r. In the Britiss “Brown 
Bess” of 1800, the caliber .va« .753 in. while the 
bullet diameter was approximately .69 in. This 
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flintlock weapon obtained a muzzie velocity of 
less than one thousand feet per second from a 
500 grain round bali using some 70 grains of 
black powder. When Sred at the shoulder level 
of a standing man, which was the method taught 
n European armies cf the day, the bali struck 
the ground at about 125 yards. This range and 
accuracy was acceptable ax that time, however, 
fer battles between infantry units were com- 
inonly fought at 30 to 75 yards. 

The paper cartridge, which was both com- 
bustible and se!f igniting, arrived on the scene 
with breech icading and was the immediate 
forerunner of our mctcm small erms round. 
‘Two exampies of these rounds wer: those used 
1. the German Zundnadelgewehr or needle gur 
(cil. .60 in.), and the French chassepot (cal. .48 
in.,. The needle cartridge was a papet-wrapped 
cartiidge using a ball of smaller than bore diam- 
eter seated in a paper sabot ( Sigure 11-1b). The 
priming pellet was seated at the base of the 
sabot. The powder charge was behind the per- 
cussion gellet. The fring pin had to penetrate 
the entire charge to get to ‘he nrimer and initiate 
the round. The chassepot round bad the primer 
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Pin-fire cartridge 
(c) 


Fig. 11-1 


at the base of the cartridge (Figure 1]-%b). Both 
rifles wore Lolt-action breech loadez: and were 
used by the Germans and French in the Franco- 
Prussian War. In each instince, however, these 
weapons offered a poor so/uticr. to the problem 
of providing adequate forward and rearward 
obturation for after a number or discharges of 
the picce, the soldier tended to -emove his face 
irom the comb of the stock in order to prevent 
serious face burns trora gas passing through the 
vartridge and breech. Accuracy was conse- 
quently greatly impaired; however, the su- 
periority of these weapons over the muzzle 
loader was so pronounced that armies of this 
era, the aid 1860's, were scon seeking similar 
type shou'der nieces. By 1870 few frst line 
troops in Europe carried muzzle loaders. 








Chassepot (right) and 
the needle gun cartridge 
(b) 





The .577 boxer cartridge 
(d) 


Types of ea.:"'dges. 


Weapons of the chasserot type used the per- 
cussion cap instead of a iint to secure initiation 
of the propellant. The principle by which the 
percussion cap was used had been developed 
and patented by the Reverend Alexander For- 
sth, a Scottish clergyman, in 1807, By 1840 to 
1845, this system of cartridge ignition wes being 
used the world over. The percussion cap was 
the forerunrer of our modern primer, 

The frst generally used complete cartridge as 
we know it today dates back tc as early as 1886, 
when a Morsieur Le Faucheux of Paris made s 
pin-fire cartridge (Figure ll-lc). The case was 
of brass and paper and was of a form similar to 
that found in the modern shotgun shell. All- 
metal cases were also used. The pin, protruding 
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AMMUNITION AND WARKEADS 


frora the side, was struck, setting off the percus- 
sion cap and black powder propellant. 

Rimfire cartridges in substantially their present 
form, were developed in the early to middle 
1850's. Centerfire cartridges in forms similar to 
those we are now familiar with, were introduced 
in the Civil War period with a few earlier at- 
tempts at manufacture in the 1850’s. It was not 
until 1856, however, that we had a separate 
primer centerfire cartridge which could be re- 
loaded (Figure 11-1d). Colonel Boxer of the 
British Ordance Department is credited with this 
development. The modern cartridge, loaded 
with modern controlled burning, nonhygroscopic 
propellant, is but a refinement of these ideas of 


11-3 CARTRIDGE 


Much confusion in designating small arms am- 
munition can be eliminatec by using correct 
terminology. This problem of terminology has 
heen complicated by many different agencies 
naming tieir rounds. Civilian manufacturers all 
have their own ‘trade names, the Navy has its 
own ser:arace designations, and foreign armies 
and manufacturers !end their terminology to the 
large list. As an exar-ple of the above, one often 
hear: of « .30-30 Savage or Winchester cartridge. 
The question immediately arises as to what the 
“80-30” means. Actually it means that this 
cartridge was developed by Savage or Winches- 
ter, its caliber is .30 in. and that it contains 30 
grains of propellent powder. The 30-U6 cartridge 
for which the M1 rifle is chambered meens a 
caliber of .30 in. with the round having been 
standardized in 1908. The 357 magnum is ac- 
tually a cartridge of caliber 357 in. having a 
very large case and powder charge behind the 
bullet. It is often said that a 38 special cartridge 
may he fired in 4 revolver chambered for the 357 


a century or more ago. 
it is of particular interest at this time to draw 
the attention >f the reader to the marked reduc- 


‘tion in caliper and bullet weivht of small arms 


ammunition which has transpired over the years. 
The “Brown Bess” of 1800, having a caliber of 
.758 in. and firing a 000-zrain round ball, is a 
graphic example of this when cormpared with our 
presently standard cal. .30 M2 cartridge and its 
166-grain bullet. This trend has also included 
and in fact has been made possible by better 
ignition and propellant design, improved obtura- 
tion, successful cartridge case design, achieve- 
ment of higher muzzle velocities. and marked 
advances ia metailurgy. 


TERMINOLOGY 


magnum cartridge. In this case the 38 bullet is 
actually a caliber of .357 in. The fit of the case is 
not good but the round may be fired in the 357 
magnum. Many other such designations exist, 
and unless an individual is an expert in the field, 
he may be confused easily. 

The military terminology system is simple and 
direct. It merely describes the complete round 
according to its function and modei number. 
For example, the nomenclature “Cartridge, Ar- 
mor Piercing, Cal. 30 M2” indicates that this 
round is: designed for armor penetration and is 
the second model of its series. 

To avoid confusion in making components of 
the complete small arms round, the word car- 
tridge is used to desiguate the complete round, 
being made up of the bullet which is the small 
arms projectile; the cartridge case; the propel- 
lent powder; and the primer. Othe: imnortant 
terms which ar: applied to small arms cartridges 
are shown in Figure i1-2. These terms will be 
referred to thruughout \nis chapter. 


11-4 COMPONENTS OF THE COMPLETE ROUND 


Most cartrid~es are made up ot a cartridge 
case, a yrimer to initiate the explosive train, a 
propellent powder, and a bullet. The design 
and manufacture of each of these components is 


intricate and requires extensive engineering and 
production planaing. When one stops to cen- 
sider that Company X can manufecture 4 primer 
no bigger than a tack and ship it to Company 
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Fig. 11-2 Terminology of complete small arms round (Cartridge, Armor Piercing 
Incendiary, Caliber .50, 48). 


¥ for assembly into a pre-drilled hole in the car- 
tridge case hottom, and have ail primers guar- 
anteed to fit any cartridge case, it is apparent 
that fits and tolerances must be exacting. It is 


14.1 THE CARTRIDGE CASE 


Cartridge cases are either of the centerfire or 
rirafire type. From the standpoint of shape they 
an straight, straight taper, or bottleneck. Fig. 
ure 11-3 illustrates the types of caziridge cases 
nurmally encountered. 

The cartridge case ‘us three functions: It is 
the means by which the other components 
(primer, propelliag charge, a::2 bullet) are as- 
semb'-d inte a unit. It alsu provides « water- 
prov! container for the propelling charge. When 
the cartridge is fred, it prevents the escape of 
gases to the rear as tie thin sice walls of the 
case are. fo-ved against the walls of the chamber 
by the pi.ssure. This process of sealing by ex- 
pansion is termed obturaticn. 

In the assembly -f the cartridge the primer is 
pressed into the primer pocket and staked or 
crimped (only primers in military cartridges are 
staked, civilien pri:rers are not), the joint then 
being sealed by a drop of shellac or lacquer to 
keep out moisture. The cartridge case is next 
loaded with a charge ot p-opeilent powdes, the 
inside of the neck is coated with lacquer or soine 
other waterproofing compound; the bui'et in- 
serted; and the mouth of the cese crimped into 


this manutacturing care and exactness which 
guarantees the uniform functioning >f each car- 
tridge from rourd.to round. Each of the car- 
tridge component's will be considered below aad 
its most impertant features discussed. 


the cannelure of the bullet. For cal. .30 carbine 
and cal. .45 cartridg:s the mouth of the case is 
‘tot criniped; the bullet is held in place by its 
tight fit in th: case. In some revolver cartridges 
a cannelure prevents the bullet from being seated 
too deeply. 

Mounds thus assembled have an exceptionally 
long storage life. Ammunition remaining from 
World War I was, in so far as it was available, 
yenerally acceotable for use in World War IJ. 
Meny small aims rounds have beer fired after 
fifty years of storage with excellexit ballistic per- 
fo.mance. 


14-4.2 THE PRIMER 


Per.ussion prir ers ui the boxer type are in 
general use. This standard primer is crimped 
into the primer pocket in tne head of centerfire 
cartridge cases und consists cf a soft metal cup, 
a ovtming or percuss)on (imposition, a disk of 
sbellacked maniis paper, and an anvil (Figure 
1\-4;. A blew from the firing pi~ on the primer 
cap compresses the pviiaing composition be- 
tween the cup and the anvil. The pri..ing mix- 
ture, being sen itive to stab action, burns and 
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Fig. 11-4 The primer. 


emits a hot flame which , asses through the vents 
in the anvil and cartridge case, and ignites the 
propelling charge. 

The priming composition in the cup is held 
in place and protected from moisturc and elec- 
trolytin action by a paper disk. The brass anvil 
is inserted last, completing the assembly of this 
type of primer. 


13-4.3 THE PROPELLING CHARGE 


Small arms propellent powder is single-base or 
doable-base powder in the form of cord, spheres 
(T35, NATO cartridge) or single perforate] 
gtains coated with DNT and glazed with 
graphite. In mass production loading it is loade:’ 
loose'y in the case by machine. The grains are 
very small und therefor2 subject to more rapid 
deterioration 1t high temperatures than grains 
cf artillery powder. It is interesting to note ‘hat 
the powder pressures developed by small sms 
powders are generally much greater than those 


1-4 


found in larger weapons. For example, maxi- 
mum powder pressure of the caliber 30 AP 
round in the M1 rifle is 50,000 pounds per square 
inck, whi'. that tor the high explosive shell M71 
in the 90-mm gun is 38,000 psi. 

The weight of the charge is not constant. It 
is adjusted for each propellant lot to give the 
required bullet velocity with chamber pressure 
within the limits prescribed for the weapon in 
which it is fired. The charge for cal. 30 car- 
tridges is about 50 grains (437.5 grains pec 
ounce) while that for cal. .50 cartridges is about 
240 grains. The corresponding velucitics at 78 
feet are about 2700 and 2900 ft/sec,. respec- 
tively. The uensity of loading is usually about 
0.9. This is very high when compared to a 
densit, of loading from 0.3 to 0.7 for artillery 
rounds. 


11-8.4 THE BULLET 


The modern small arms bullet is an accurately 
made projectile designed for a specific purpose 
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AMMUNITION AND WARHEADS 


such as penetration of armor, incendiary effect, 
ur antipersonnel effect. It must function at the 
target at all temperatures between —65 and 
170°F, and it must withstand storage under all 
conditions. It has no fuze, rotating band, or 
bourrelet, but otherwise the same design prin- 
ciples apply to both artillery and small arms pro- 
jectiles. There are two types of bullets in use in 
military smal} arms cartridges: the lead bullet, 
and the jacketed bullet. The currently known 
bali bullet derives its name from early lead ball- 
shaped slugs; today, how-ver, lead bullets are 
used only in cal. .22 ammuuition and in some 
revolver cartridges. 


Lead bullets are not satisfactory for use where 
high velocities are desired because their softness 
causes defcrmation by sethack, thus harming ex- 
terior ballistic performance. in addition, lead 
bul. ts may be damaged by lovadii.g mechanisins 
ot automatic weapons, and may cause jamming 
of such weapons. Accordingly, the great prepor- 
tion of military bullets are metal jacketed. The 
bullet consists of a core covered by a gilding 
metal (90% copper, 10% zinc) jacket, a gilding 
metal clad steel jacket, or a copper placed st¢el 
jacket. A cannelure is cut or rolled in the jacket 
to provide a recess into which the :nouth of the 
case may be crimped during assembly. The 
cannelure also serves to hold the jacket and vor > 
together more firmly. 


The dia.eter of a jacketed buliet is usually 
ub-ut .001 inches greater than the bore diam- 
eter between the grooves. This is to provide 
a tight gas seal and to allow the jacket to be 
gripped property as the bullet is rotated by rifling 
in the barrel. 


The body of the oullet is cylindrical. The nose 
may be round as in the carbine, pistol, and re- 
volver bullets, or ogival (curved taper) as in 21 
service rifle and machine gut. bullets. The length 
of the ogive or taper for cal. .30 and .50 bullets 
is approximately 2.5 calibers. Tine base mav be 
square or boattailed (Figure 11-5). The boattail 
is highly cffective in lessening drag up to the 
speed of sound, and gives some advantage up 
.0 a velocity of 2000 feet per secund. Beyond 
2000 feet per seccnd the boatta:] has no appre- 
clable advantage, and accordingly the additicnal 
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cost is not warranted. 


(a) Ball. The metal! jacketed ball buliets con- 
tain a core of antimony-lead alloy, except the 
cal. 50 bullet wherein the core is of soft stecl 
in order to insure similar ballistic properties for 
ball and armor-piercing cartridges. Caliber .30 
carbine and cal. .45 bal! bullets are similar, dif- 
fering essentially in diameter. Uniike other ai: 
bullets, the cal. .50 bullet is boattailed and con- 
tains a point filler of hardened lead. This type 
of bullet is now used for target practice only 
(Figure 11-5). 


(b) Armor piercing. Armur piercing bullets 
contain a core of hardened steel, either a 
tungsten-chromium steel or a manganese-molyb- 
denum steel. The cal. .30 armor piercing bullet 
has a point filler of lead and a gilding metal base 
filler between the core and the jacket, whereas 
the cal. .50 armor piercing bullet has only an 
antirony-lead alloy pcint filler. Both bullets 
have smooth cannelures cut into the jacket for 
crimping of the cartridge case. 4P bullets should 
»enetrate homogeneous emma tu a depth of 15 
to 2 times the caliber of the corc. This bullet 
has replaced ball ammunition for combat be- 
cause of its ability to penetrate armor without 
deforming, better sectional density, and better 
wind bucking and ricochet characteristics (Fig- 
ure 1]-5}. 


(c) Armor piercing incendiary. Armor pierc- 
ing incevdiary bullets have hardened steel cores 
and instead of a point filler of metal, have one 
consisting of an incendiary mixture of barium 
nitrate and magnesium powder (Figure 11-§). 


(d) Armor piercing incendiary tracer. These 
builets are similar to the armor piercing incsn- 
die.y bullets but also have a tracer coinposition 
in the base end of the bullet for Bre control 
(Figure 11-5). 


(e) Incendiary. Incendiary bullers contain a 
core of incendiary mixture. An antimony-lead 
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Fig. 11-5 Types of cal. .50 bullets. 
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alloy slug is present at the Lase end of the bul- 
let. A hollow, steel, cylindrical body or a clad- 
steel container may be inserted within the jacket 
and before the base slug (Figure 13-5). 

(f) Tracer. Tracer bullets (Figure 11-6) con- 
tain an antimony-lead alloy slug in the forwara 
posizion, and in the rear a tracer coinposition ir 
cluding strontium peroxide, strontium nitrate, 
magnesium, and other ingredients. They all have 
sqvare bases. An igniter composition is also 
present and is ignited by the burning propellent 
gases. The igniter then ‘gnites the tracer com- 
position. The red-ioped M1 tracer bullets are 
visible starting at the muzzle; the orange tipped 
tracer bullets have a dim trace for a short dis- 
tance from the muzzle and a right trace there- 
after; and the maroon tipred bullets have a 
comparatively long trace. A speciai headlight 
tracer bullet has a very bright trace when viewed 
from the front; its tracer charge is a fast burning 
‘guiter composition piaced in the base. This so- 
called headlight round -vas developed to create 
the impression on the enemy that he was being 
fired on by weapons larger than those actually 
being used. 


GUALIT. TRACES, HEANUIGHT, CAL. 50 0428 
A- IGHITER COMPOTION: ‘ 
B-SUB-FSMITER COMPOST Wn 


‘G~ TRACER COMPOSITION - 
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Fig. 11-6 Cal .50 tracer wullets. 


11-5 GRADES AND GRADING 


Because of mass production methods, varia- 
tions in the quality of smail arms ammunition 
are bound to occur from lot to lot, although re- 
quirements and specifications for acceptance are 
very rigid. For example, amnzunition used ia 
remot. control aircraft machin: gins rast have 
uniform characteristics from round ty round to 
insure uniform feeding. If a malfunction uc- 
curred it could not be curected in the air and 
the weapon would be out of action. The best am- 
munition available, therefore, must be used 
for these aircraft machine guts. Some lots 
manufactured which do not pass the aircraft 
tests may still be suitable for use in greund 
machine guns 1na rifles where a possible inal- 
function could be corrected easily. A system of 
grades und grading is necessary to provide the 
best ammunition for use in the most critical wea- 


pon and to relegate lower zrades to rnore rugged 
weapons. The grades that have bee eziahlished 
for small arms are given belcw, the mest critical 
2: ‘o performance requirements being listed Orst. 


USE GRADE 
Aircraft machine gun = AC (cat .50) 
Aircraft machine gun 
cr rifle AC orR (cal. .30) 
Kifle R (cal. .30) 
Ground machine gun = MG (cal. .50 and 
cal. .30) 
Unee: viceable 3 (cal. .50 and 
cal. .30) 


Lot numbers that have been c.tablished for 
each jot of small arms ammunition are instru- 
mental in controilirg the use of amrnunition. 
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Basically a lot number ind:cates that each car- 
tridge within that lot has been manufactured 
with identical components, i.e., from the same 
lot, and that there should be very little differ 
ence in functioning within the lot. Figure 12-7 
shows a small arms container with the lot num- 
ber (EC L-8000) painted on it in addition to 
other important information. These lot numbers 
also serve as an acministrative control. The 
Chief of Ordnance periodically publishes to the 
field units a list showing the grading of each 
jot number. 

The problem of maintaining ammunition in 
storage at acceptable standards for service is an 
expensive and laborious one Periodicallv, sam- 
ples o1 each lot are tested, and if they fail to 
meet rigid requirements the lot is downgraded. 
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Fig. 11-7 Ammuzition box showing markings. 


11-6 ARTILLERY AMMUNITION—HISTORY 


The first recorded use cf cannon iu w. rfare 
dates from about 1350. The projectiles generally 
were stene dalls and, although iron and lead shat 
came into use at the beginning of the fifteenth 
century, the stone projectiie did not pass corr- 
pletely out of the picture until the beginning 
of the nineteenth century. Some of those em- 
ployed in the bronze guns of the time were very 
large, up to 25 inches in diameter. 

The early iron projectiles were solid spherical 
shet. Bar shot and chain shot, consisting of two 
iz. balls connected by a bar or chain, were de- 
velovec and used for cutting the masts and 
rige: ig of vessels. Chilled iron shot was em- 
moyed ven the first wrought iron armor came 
in.0_ use. 

The hollow spherical shot or shell, filled with 
a bursting charge of gun powder or with incen- 
diary material, was developed from the schd 
shot. Another kind of projectile which came ists 
use in the eighteenth century was the case shot, 
consisting of a number of smaller projectiles 
in a case or envelope. The three princip il -ypes 
were grape, canister, and spherical case or -hrap- 
nel. The first two contained no explosive cicerge 
and were designed to break up in the gun o« %t 
the muzzle; the last }-~ — Lursting charge and 
a fuze. 
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‘ise of spherical projectiles continued until the 
period of our Civil War when the elongated 
form, cylindrical with pointed nose, ~7as adopted 
for use in cannon es it bad been previcusly for 
kand arms. For a given culit-r of ‘veapo.., rus 
change of form enabieu oo eer es rn) 
projectiles of increased capacity, and <esulted 
in the attainment =f :sevcased range and ac- 
curacy of fre. It necessitated, however, provi- 
sium of means for imparting the necessary 
rotation to secure stability in flight. In the muzzle 
leading cannon of the period, firing cast iron 
projectiles, special devices for producing rta- 
tion were developed. 

The bore of the Whitworth gun, invented in 
1857, was a twisted prism of hexagonal cross sec- 
tion (Figure 11-8). The projectile was fashioned 
with plane surfaces to correspond. For use in 
rifled cannou, various means were adopted to 
attain rotation as illustrated in Figure 11-9. 

'n the studded type, protruding studs were 
fitted into the helical grooves of the rifling as 
the projectile was inserted in the muzzle. In the 
eureka and butler projectiles the parts were of 
soft brass and. in firing, were expanded outward 
inte the rifing. Projectiles of these types per- 
:iitted considerable escape cf powder ges past 
them, with resulting decrease in velccity and 
accuracy. 
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Fig. 11-8 The  projectite 
and bore of Whitworth 
gun, 1857. 


The introduction of rifling in cannon was fol- 
Inwed shortly by the development of cifective 
niethods of breech closure, pezmiiting employ- 
ment of breech loading. The .s. of progressive 
burning propellants and the adcpison of smoke- 
Jess powders of definite chemical composition 
pertuitted the attainment of higher velocities 
with luwer pressures. Developments in metal. 
lurgy and in gun manvfacture resulted in wea- 
pons of greater strength and power. These 
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Fig. 11-9 Various mears aitempted to 
abtcin rotation. 


facteurs greatly influenced projectile develop- 
ment. ‘he use of steel gave added strength and 
permitted the inclusion cf larger bursting charges 
of powerful new high cxolosives. Increases in 
velocity brought about imprevements in shape 
and form designed to decrease retardation in 
flight due to air resistance, thereby increasing 
range and accuracy. Ammunition @:velopmcnt 
was facilitated by the evolution of new and im- 
proved means of *2sting and determining ballis- 
tic effects. 


11-7 COMPLETE ARTILLERY ROUNDS 


In general, artille:y ammunition includes am- 
munition for weapons greater than caliber .60, 
except rockets. The weapons concerned are guns 
(both standar:} and recoilless), howitzers, anc 
mor’ :rs. A complete rc ind of artillery ammuni- 
tion comprises all of th: components necessary 


11-7.1 FIXED AMMUNITION 


Fixed ammunition is comparable to the typical 
small arms round, in that the projectile is perma- 
nently fastened to the cartridge case and_ is 
loaded into the weaton-as a tlugle piece The 
propelling charge is nor .¢justable, and if the 
projectile becomes ioosened “rom the cartridge 
case before firing the round 1. .cesidered un- 
servi.eable. Curtridge case ana projec:‘le are 
normally crimped rigidly together, with the p:- 
pellisy chorge loaded loosely into the cartridge 
case. 


to fire the weapon ounce. Complete rounds of 
artillery «ammunition are krown as fixed, semi- 
fixed, separate -icacling, and separated, in ac- 
cordance with the manner in which they are 


loaded into the weapen (Figure 11-10). 


11-7.2  SEMIFIXED AMMUNITION 


Semifised ammunition is charucterized by the 
lose fit of the cartridge case. over the projectiie 
so tua? the prepelling charge is aceessibie for ad- 
justinent for zone firing. Like fixed ammunition, 
it is loaded into the weapon as a unit. The pro- 
pelling chazge is divided into sections. exch con. 
taining propellent nowder assembled in a bag. 
To adjust the charge, the ptojectiic is iced trom 
the cartridge case, the sections or increaneats 
not required are removed, and the projectile’: 
>aussembled ita the cartridge case. 
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Fig. 11-10 Complete ruunds of artillery ammuniticn. 


11.7.3 SEPARATE LOADING AMMUNITION 


Separate loading ammunition components 
(projecti:e, propelliag charge, and primer) are 
loaded into the weapon separately. First, the 
projectile is inserted irta !! » Lreech and rammed 
honie su tnat the ating ! v-1 seats in the forc- 


ing cone, second, ihe propelling charge, consist- 
ing of one or .vore cylindrica! cloth bags, is 
placed in the powder chamber immediately to 
the rear of the projectile; and third, after the 
breechblock has se+n closet and locked behind 
the charge, the primer is inserted inte the fi-iiz 
mechanism. 
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11-7.4 SEPARATED AMMUNITION 


Separated ammunition is a special type of 
separate loading ammunition. The propelling 
charge is fixed and is contained in a cartridge 
case, which is closed at the forward cid by a 





cork or plastic plug. The projectile does not fit 
into the cartridge case and is loaded into the 
cannon separately. This type of ammunition fa- 
cilitates rapid loading by breaking long, heavy 
rounds into two parts. Ammunition for the 120- 
mm antiaircraft gun is of this type. 


11-8 COMPONENTS OF THE COMPLETE ROUND 


11-8.1 PRIMERS 


The a:tillery ammunition primer is designed to 
ignite the prevelling charge. It consists essen- 
tially of a small anas orinier to which a small 
charge of black powder (igniter charge) has 
been attached. The primer cap and the black 
powder charge are usually «se bled in a metal 
tube. When used with uxed, semifixea, and 
separated aminunition, tiis tube is force fittec. 
into the base of the cartridge case at the time of 
manufacture. With separate loading ammuni- 
tion the primer is inserted by hand into the firing 
lock or firing mechanism of the cannon as a final 
step in loading. Historically, artillery primers 
have been classified according toe the method by 
which they are fired as percussior., electric, com- 
bination, percussion-electric, and friction. By far 
the most common primer in actual use today is 
the percussion type. 


(a) Percussion primer. This type of primer, 
fired by a bl.w of the firing pin, is generally 
used in all artillery ammunition (see Figure 11- 
11). The primers used in cartridge cases con- 
tain sufficient black powder to ignite properly 
the propellant in the cartridge case. Those used 
with separate loading propelling charges con- 
tain only enough black powder to ignite a black 
powder igniter charge attached to the propelling 
charge. 


(b) Electric primer (see Figure 11-32). This 
type of p-imer is fired by the heat g:. rated 
when an electric current passes throng a re- 
sistance wire or other element embedded in 
primer mixture. It is used currently in certain 
types of 20-mm ammunition for aircraft cannon. 


11-8.2 CARTRIDGE CASES 


fixed, semifixed, and separated ammunition 
ail employ a cartridge case as one component of 
the complete round. In fixed and semifixed am- 
munition, the cartridge case performs the same 
functions as small arms cartridge cases, i.e., con- 
tainer for the propellant; obturating device; and 
mean: of assembling the components of the com- 
plete round into a unit for ease of loading. In 
separated ammunition, the cartridge case dces 
not perform the third of these functions. 

Most cartridge cases are mace of drawn brass 
or steel. A new development is the spiral wrap 
cartridge case. It is assembled from three steel 
pieces consisting of a forged base and a spirally 
wrapped body held together by a stamped collar. 
The body 13 made by rolling a preformed trape- 
zoid-shaped steel sheet ia the same way a sheet 
of paper is rolled to form a hollow cylinder. The 
design greatly «duces (he amount of equipn.ent 
needed to 117 iufacture cartridge cases aad will 
result in a uit. ost only about % of the cost of 
the drawn: case. 





Fig. 11-11 


Percussion primer. 
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ELECTRIC PRIMES, M30 
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F--Pressed black 
powder pellets 


Fig. 11-12 Electric primer. 


T1-4.3 PROPELLING CHARGES 


Artillery propelling charges consist of a pro- 
pellent powder and an igniter charge of black 
powder assembled in a suitable cartridge case, 
cloth bag, cr both. In fixed and semifixed rounds, 
the igrit + charge of black powder is present ia 
the artillery primer. In separated ammunition 
an auxiliary igniter char’ is placed around the 
primer or on the distuace wadding to insure 
proper ignition of the propellant. In separate 
loading rounds the igniter charge is assembled 
to an igniter bag sewed to the base end of the 
propelling charge and in some cases also form- 
ing a core running through the center of the 
propelling charge bag. Cartridge igniter pads 
are made of closely woven silk to prevent the 
black powder from sifting through. Cloth of 
current manufacture used for the igniter charge 
is dved red to indicate the presence of the black 
powder igniter. The propelling charge is as- 
seibled with the artillery round in a manner 
determined by the type of ammunition, that is, 
fixed, semiSxed, separated, and separate loading 
(Figure 11-10). The varicus charges used are 
discussed below. 


(a) Fixed and semifxed, The cartridge case, 
made of drawn 5rass or steel, serves as the con- 
tainer for the propellir¢ charge of fixed and seini- 
fixed ammunition. 


(1) Fixed. The prope'ling charge in a round 
of Sxed ammunition is packed jooseiy in the car- 
tridge case. In some instances where the charge 
does not fill the case completely, a spacer c+ dis- 
tance wadding, usually a cardboard dis and 


cylinder, is inserted in the neck of the cartridve 
case between the powder charge and the base 
of the projectile. 

(2) Semifixed. Semifixed ammunition differs 
from fixed ammunition ia thet “iz cartridge case 
is not crimped te ck. projectile, b it is a loose fit 
so that it can be reraoved and the propeiling 
charge adjusted to vary the range: therefore, the 
charge is contaired in bags so that one or more 
of these bags con be remuved and the rest re- 
placed. Each increment is numbered, the Le 
charge being numbered 1. 

{b) Separated ammunition. This pronclling 
charge is contained in a cartridge case, togethei 
with the primer. The charge consists of propel- 
lent powder, ‘ousely loaded in a brass cartridge 
case which is -losed by a cork or plastic plug. 
As previously stated, this permits rayid icading. 
In the case cf 120-mm ammnition (Figure 11. 
1G), the assembled cartridge case is used to ram 
the projectile into the weapon. 

(c) Separate. loading. Cloth bays form a suit- 
able and convenient means of containing the 
smct:cless powder charges in separate los. ling 
amuunition. Cartridge bag cloth was for aerly 
made of silk. Bags made of cotton or rayon are 
now used almest universally to replace silk. Only 
certain ash-free grades of these fabrics 4.2 suii- 
able; otherwise there mignt be smoldering frag- 
ments left in the bore of the canion after firing. 

Separate loading propelling charges are usu- 
ally Jivided into several bags, or increments, so 
that different weights of charge can be chosen 
by the gun crew. “Vhis permits increased flexi- 
biiiiy in operetion; that is, there will be several 
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Fig. 11-14 Armor piercing capped shell, showing principal parts. 


elevations which can be used to obtain a given 
range. Thus, plunging fire, grazing fire (for rico- 
chet action), or intermediate angles of fall can 
be obtained at the same range simply by altering 
the weight of propellant and changing weapon 
elevation accordingly. 


11-8.4 PROJECTILES—GENERAL 
CHARACTERISTICS 


Figure 11-14 shows a sectionalized view of an 
artillery pr jectile with its component parts 


labeled. The principal characteristic differences 
among the various projectiles are: 

(a) Ogive. The curved portion of the wro- 
jectile from the bovrrelet to the point is «called 
the ogive. It is normaly defined as a s:-gment 
of an are of a circle whose center ©. outside of 
the projectile. The racius of the ogive is usually 
expressed in calibers, It influences the flight of 
the projectile with a small radius used for low 
velocity projectiles and a long radius used for 
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Fig. 11-15 Base cover. 


high velocity projectiles, Since armor piercing 
projectiles have a short radius cf ogive for pur- 
poses of penetration, a windshield, often called 
a ballistic cap or false ogive, is placed over the 
armor piercing head te improve the ballistic 
qualities, 

(b) The bounelet is the accurately machined 
surface, of slightly larger diameter than the body, 
which bears on the lands of the bore of the wea- 
pon. It centers the projectile in its travel tir sugh 
the bore. Generally it is at the forward end 
of the body, but it may extend from the ogive to 
the boattailed base. Some proiectiles of large 
caliber have a froni and rear bourrelet. — 

(c) The body is the cylindric.! puxion of the 
projectile between tne bourrelet and the rotating 
band. It is machined to 2 srnaller diameter than 
the bourrelet to rede the surfac. in contact 
with the iands of the bore. Only the bourrelet 
and rotating band bear on the lands. 

(d) The base may be either tapered (boat- 
tailed) or cylindrical (square). Whether or not 
a boattail is used depends upor. the velocity in- 
tended for the major part of the useful trajec- 
tory. For example, boattails will not be found 
on HVAP ammunition. which is intended to 
traye! 2t more than 3000 feet per second over its 
useful trajectory. However, they will be found 
on most high explosive rounds, where high strik- 
ing velocity is not generaily considered a re- 
quirement of the round, and where the major 


part of the trajectory is usually covered at a ve- 
locity much Icss than the 2900 feet per second. 

(e) Base plug. To facilitate manufacture, 
armor piercing projectiles are closed at the base 
with a heavy steel base plug. I> the larger cali- 
bers the hase plug adapter also provides a seat 
for the base plug and fuze. In tue smaller cali- 
bers, if an explosive charge is loaded in the cavity 
of the projectile, the base plug is replaced by a 
kase fuze. If no explosive is present in the 
smaller caliber projectile the base plug cortains 
the tracer element. 

(f) Base cover (Figure 11-15). 20-mm_ pro- 
jectiles and projectiles of 75-mm or larger cali- 
ber containing high explosive are provided witn 
a base cover to prevent the hot gases of the nro- 
pelliug charge from coming inte contact with 
the explosive filler of the projectile through 
joints or flaws in the metal of the base. The base 
cover cons:ts of a thin metal disk which may 
be calk>-, crimped, or welded to the base of the 
shell, Small caliber and medium caliber armor 
piercing projectiles with high explosive filler and 
base iuzes are not ordinarily provided with base 
COVETS, 

(g) The rotating band is a cylindrical ring of 
comparatively soft material, usually copper or 
gilding meial (sintered iron has also been su.- 
cessfully used) pressed into a knurled or rough- 
ened groove near the base ot the projectile. On 
some SIVAP projectiles, hov ever, the band is 
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Fig. 11-17 High explosive antitank shell. 


steel and is an integra] vart of the base. The ro- 
tating band affords a snug seat for the projectile 
in the forcing cone of the weapon and centers 
the base in the boze. As the projectile moves 
forward the scft rotating band is engraved by tk > 
lands of the bore. Because of compression and 
cutting of the band, excess metal flows toward 
the rear. This flow of metal is taken up by 
grooves cut in the rotatin ~ and. Since the rifling 
af the weapon is helical, the engraving of the 
band impart: rotation to the moving pvojectile. 
The rotating band also prevents the escape of 
the propellent gases forward cf the projectile by 
completely filling the gruoves of the rifling. Re- 
tating bands are made relatively narrow for low 
velocities and wider for high velocities. 

(h) Tracer. For observation of fire some pro- 
jectiles are equipped with a tracer element in 
the base of the projectile. In most smaller cali- 
ber antiaircrs‘* sueils the tracer is used to ignite 
tho filler and destroy the shell should it miss the 
target. Such a tracer is called shell destroying 
(SD). Tracer composition: are similar to small 
arms tracer compositions. 


(i) Armor piercing cap. A differentially hard- 
ened cap “sed only with armer-piercing pro- 
jectiles. 


11-8.5 PROJECTILE TYPES 


(a) High explosive (H.E ) shells (Figure 1:- 
18) made of common forged steel, have com- 
paratively thin walls and « .rge bursting charge 
of high explosive. They ere used against per- 
sornel and materiel targets, producing blast or 
mining eect, or both, and fragmentativa at the 
target. They may be fitted with sither a time or 
impact fuze or a concrete piercing fuze, accord- 
ing to type of action desired. 

(b) The high explosive antitank (H.E.,A.T.) 
shell, often called the shaped charge or hollow 
charge shell, is a special type cuntaining @ high 
explosive charge for use against arinc. plate (see 
Tigure 11-17). Chapter 10, Part 2 presents a 
compreuensive explanation of the action of these 
projectiles. 


(ce) Armor piercing projectiles defeat armor 
by piercing it because of their kinetic oneryy. A 
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Fig. 13-18 Typical chemica! projectiles. 


detailed discussion of this type of projectile ap- 
pears in Chapter 10, Part 2. 

(d) Hypervelocity armor piercing shot 
(HVAP) (see Figure 10-17) is described in 
Chapter 10, Part 2. 

(e) High explosive _ plastic 
(H.E.P.). (See Par. 10-21, Part 2.) 

(£) Chemical shells may be classified accord- 
ing to the method of expelling the char, (Fig- 
ure 11-18): burster, base ejection (B.E.), and 
base ignition (BI). 

(1) The burster type is similar to high ex- 
plosive shell except for the type of filler and the 
absence of a base cover. An explosive charge, 
termed « burster, arid located centrally in the 
shell, i- used to break the shell body and aid in 
dispersion of the chemical filler. 

(2) Base ejection shel's which are set to func- 
tion in flight do not have a burstey but have 
an expeliing charge of black powder adjacent tc 
the time fuze. This expelling charge, when ig- 
nited by the fuze, ignites the smoke mixture in 
the canisters, strips the threads of the base plug. 
ard forces the canisters trom the base of the 
shell. 

(3) Base ignition (base emission) smoke 


projectiles 


shells have no burster or expelling charge. The 
smoke raixture is ignited by the propelling charge 
through a hole in ‘he base of the projectile. 
Shells of early manufacture have a low melting 
point fusible metai plug in the base hole, while 
shells of iate manufacture have delay pellets of 
black powder. The action of the delay pellet 
prevents disclosure of the gun position by the 
smoke. 

(g) The illuminating shell (Figure 11-19) 
contains a parach\e and an illuminant assembly 
which are ejected by an expelling charge adja- 
cent to the time fuze in a manner similar to base 
ejection smoke shell. The illuminant, suspended 
by the parachute, burns and lights a target area. 

(h) Canisters consist of a light metal case 
Sled with steel balls or cylindrical peliets. They 
contain no explosive (Figure 11-20) and are 
fire’ point olank for effect against personnel. 
Centrifugal force and air pressure cause the pro- 
jectile to break apart upon leaving the muzzle of 
the cannon, and the bulls or pellets scatter in .he 
manner of a shotgun charge. Canisters are nu’. tu 
be confused with the famcus shrapnel rour of 
World War I. Shrapnel is < time fuzed round 
which functions at a set time after firing, causing 
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Fig. 11-20 Canisters: 


metal balls to be shot forward fiom a projectile- 
Kke body. New developmnt in canisters ir slude 
changes in the design and arrangernent of the 
missiles within the container, and in the location 
at which the coniainer releases the missiles. One 
type, for use in the 90-ma gun, consists of a 
heavy hase with rotating band, and a thin stee! 
cylindrical forward section filled with stacked 
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top, 57-mm recoilless cifie; bottom, “7-mm. 


steel cylindrical pellets. Vhe cylindrical forward 
section has four slits, 0° apart, which weakens 
the walls sufficiently to facilitate opening the 
vanister when it leaves the muzzle of the weapon. 
This is an improvement over the tyre shown in 
tke lower view of Figure 11-20, whicn often 
breke up while in the u.i tube cna darnaged the 
Sore. 


11-9 MORTAR AMM UNITION—COMPLETE ROUNDS 


Mortars are used where high angles of fire are 
desired for jJanging fire behind ‘hills or ito 
trenchs, emplace:xents, or foxholes. The iraszzle 
velocities and ranges of mortars are less than 
those of guns end howitzers, but because cf cheir 
extreme simplicity, mobility, and dependability 
they are used exteasively by infantry unuts. 
Mortars allow ammunition of gun and howitzer 


Fig. 11-21 


caliber to be fred alriost immediately after 
establishment of a beachhead. 

Most mortars are smooth bore and muzzle 
loaded (see igures 11-21 and 11-22), although 
the 4.2-in. mortar is a rifled, muzzle loaded 
weapon. Muzzle loaded rounds must be com- 
plete as a unit so that when they are dropped 
tail down into the we1.0n, impact with the firing 





Typical round of mortar ammunition. 
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pin is all that is needed to set off the propelling 
charge. Smooth bore rounds must have fins to 
stabilize them since rotation is absent. 

Mortar ammunition is being redesigned in the 
JS. Army with the objective of obtaining the 
eptimum ballistic shape. Figure 11-21 shows 
the shape of a ‘ypical mortar shell of the new 
design. It is probable that in the future ell mor- 
tar ammunition will have a similar shape. 

Mortar projectiles are usually lighter in con- 
struction than artillery projectiles because the 
chamber pressures and setback forces are much 
less. Smooth bore projectiles have no rotating 
band, and they contact the bore at two or three 
places, one being a series of machined bands 
called the gas checx bands, and another being 
the outside portion of the fins. The gas check 
area is near the front of the projectile. 

The princip2i types of mortar projectiles are 
hig’ explosive, chemical smoke, and i!luminating. 
They are all point fuzed. The low muzzle veloc- 
ity, high trajectory, and leck of extrerne accuracy 
yreclude the use of mortar armor piercing proj:c- 
tiles, 

In general, mortar ammunition has an ecjust- 
able propelling charge to permit firing at v:ricus 
ranges cr zones of fire. The propellent ‘acre- 
ments are usually of double-base powder sealed 
in individual, plastic type package:, var. are at- 
tached tc the fin shaft or within diz Fa blades. 
An ignituwn cartridge, comparable ti: ¢ + artillery 
primer, is :»serted in the base end of t’:e fin shaft. 
The assembly of the ignition cartrige and the 
propeilent increments make up the 2quired pro- 
pelling charge. Because the comy fete round is 
loaded into the mortar as a unit aid provision is 
maae for adjusting the propelli.g charge, am- 
muniticn of this type comes w.thin the classi- 
fication of semifixed ammunitior . 








Fig, 11-22 60-mm mortar shell being fired. 


11-10 RECOIL.ESS RIFLE AMMUNITION—COMPLETE ROUND 


Recoilless rifle ammunition ( Figure 11-23) dif- 
fers from conventional artille‘y ammunition in 


11-19.1 ROTATING BAND 


Recuilless rifle projectiles i ave preengraved 
rotating bands in order to recuce performance 
variations fr:.m round to round; to reduce weight 


the following features: rotating band, cartridge 
case, and propeilig charge. 


of the gun tube by elimination cf engraving 
stresses in the tube; and to reduce tne possibility 
of recoil in the weapon. The use of preengraved 
bands decreases the speed with which recoilless 
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rifles can be loaded, as the rotating band must be 
carefully engaged in the rifling. 


11-36.2 CARTRIDGE CASE 


The cartridge case is of steel and is perforated 
with a Jarge number of holes. These holes permit 
escape of the propellent gases into the enlarged 
chamber aad thence through venturi orifices in 
*he breech to produce the force opposing recoil. 
In conventional artillery ammunition the unper- 
forated case protecis the propelling charge froin 
moisture. Protection in the recoilless round is 
echieved through use of a mcisture-proof plastic 
bag conforming to the inside diameter of tne 
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Bombs for aircraft, as known today, are largely 
a development of the last two decades. Although 
bombs were usec| in World War I, the size, ac- 
curacy and terminal ballistics at that time were 
such thac their milita-y value was limited almost 
entirely to psychological and nuisance effects. 
Between wars, some devesopmen.t work was done 
on borabs, bu : only in the lav2 1990's did progress 
become rapid. Stimulated by World War II, the 
aircraft bomb quickly became a major weapon of 
destruction, and in the final tall, for that war, 
bombs accounted for more killin, wounding, 
and property destruction than eny ofher type of 
weapon. 

Bombs are essentiaily aimacle conteiners of 
erpiosive or other material which are designed 
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Fig. 11-23 Recoilless rifle round. 


case. This bag is consumed at the time the round 
is fired with little effect on ballistic performance. 


11-10.3 PROPELLING CHARGE 


The propetlant is a single-base powder ox the 
saniz general type as that used in conventioral 
artillery ammunition but is employed in much 
greater quantity for a given projectile weight, 
caliber, anc muzzle velocity. This is uaderstand- 
able in view of the fact that in addition to pro- 
pellirg the projectile, it must offset the teadency 
of the system to recoil. Higher effective as 
velocities would add to the relative efficiency of 
the propellant, but would «lso increase the blast. 


BOMB3—INTRODUCTION 


to function at ,erticular times and under pre- 
determined cundi'cns. In some instances, the 
container ic constructe1 so that it will produce < 
particular fragmentation effect at the target. 

A t;pical homb consists ot four main parts (see 
Figure 11-24): 

(a) The bomt body, with its explosive, chem- 
ical, or other content. 

(b) A fin assembly to stabilize its flight. 

(c) An arming wire asse.ably. 

(d) A fuze or fuzes to explode the bomb ai 
the proper moment. 

Usually these parts are asseinbied into a com- 
plete round just before being loaded into the 
bomb bays or other carrying devices of aircraft. 
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Fig. 11-24 250-lb general purpose bomb. 


11-12 DESIGN AND MANUFACTURE 


11-3Z.1 BOME BODIES Increasing speeds of planes and higner drop 
Bomb bodies are manuiuctured from seamless altitudes have made necessary the improvement | 
\. ving, forgings, or welded sections. Some frag Ff fin design (see Figure 11-25). These fins are . 


mentation bombs are unique in that they are longer and stronger, and are fitted rigidly to . 

composed of bar steel wrapped over the explosive long. conical slecve which fits over the taper of 

container. Fine quality steel is necessary to pre- —*€ rear of the bomb body. This current design 

vent breakup of the homb before proper func- _8F2atly improves bomb ieee by improving 

tioning at the target. The bomb body is usually airflow over the fin assem'sly and by reduction of 

. made of a cerbon-manganese or chrome: vibration through greate- strength and vigidity. 
inolybdenum stee! of about 100,000 psi tensile ° 

strength. The wall thickness varies with the size Bae RINGS INE sees 

of tiie bomk and its intended function. Arming wire assemblies ure used to keep the 

fuzes in the iiose and tail of the bomb sate until 

ie ee the bemb is rele.sed from the aircraft. The ari. 

Fins use. on World War Ji bombs were made ing wire shown in Figure 11-24 is threaded 

from flat steel welded und braced where neces- through the nose and tail fuzes so that the pro- 

say. Figure 11-24 shows their general appear- _peller-like vanes cannot turn until the arming 





m3 ance. They must be free from dents or distortion —_ wire is withdrawn. The arming wire swivel Is 
if ) for proper smmetry. heid by a pawl in the borrb shackle. When the 
11-23 
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fig. 1°-25 Thrae membess of the new bomb family, ecuipced with the improved fin 
cssemily, The general purpe.< “family of bombs” concept standardizes tie design and 
limits the member of types ‘o one design for each size. ‘hres of these sizes ove shown 
above. Aireraft, and theze bombs, ore now designed sv that approx:mately the same 
payload (in pounds of bombs) may be carried by any gives aircraft. The size of 
bombs selected for uss will depend upon the mission to be a-complished.! 


tomb is released from the shackle the arming 
wire is retained, freeing the fuze vanes so they 
may turn in the airstreain. If che bombardier 
cesires to jettison bombs over friendly territory, 
the armin, wire may be released from the bomb 
shackle auxt fall with the bomb, thus preventing 
functioning of. the fuzes upon impact. To have 
bombs fall safe, the plane must be at 20 more 


1-12 


tn commen wich other tyes of ammunition, 
hombs sre ciassiled accorcing to use as armor 
Mercing (AP), general purpose (GP), light case 
(iC), fragmeniation, depth. semi-armor piercing 
(SAP), gus, smoke, incendiary, photoflash, target 
identiBcation (Tl), practice, and drill. Except 
for pructie bombs, they ace further classified 






than « certain iirsting altitude, depending on the 
type at bomb, or the shock of impact may d-to- 
nate the explosive filler. 


11-12. FUZES 


Fuces are se positioned and c: cuch a design as 
to assars proper and complete functioning of 
bursting type bombs. 


CLASSIFICATION 


according to filler as follows: 


Explosive —-GP, LC, AP, SAP, Depth, aad 
Fragmentation 
Chemical — Gas, Smoke, and Incendiary 


Pyrotechnic — Photoflash and Tl 
Inert — Dnill 
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Practice bombs usually are ‘oaded inertly 11-13.2 LIGHT CASE (iC; . | F 
Except fer 2 evtung charge of black powder or This type of bob (Figure li-r is desi,aed 7 
Sine: PULTE: _ to carry a raaximum charge The perccstay- of : 
The relative anounts of explosive and metal in explosive is 70% or nore. Light ca:+ bom.s ure 
a bomb are dependent upen the use for which a iced for their blast effec ie bac We Be ene 4 
bomb is intended. The percentage of explosive is large. Since strength of case has bee.s s«.°aieed 
often att as a deyertption of the type OF thes <4. axinvin charge, this type bomb cannot be 
ot for ene a Spinieatnas hssdinicl bomb, used for penetration and must be fuzed to ex- i 
which contains 30% of exp's.ive by weight, may lode before the case br+aks upon impact 
be described as a 3% bomb. . , Pon imp 
The various types of bombs are discussed in oe 
more detail in the following paragraphs. 11-13.3 ARIAOR PIERCING (AP) { ie 
This type of bomb (Figure 11-28) is designed 7 
11-13. GENERAL PURPOSE (GP) : sages heavy deck pied : begat Wle- 4 
: ‘ : . 4 ships. e case is extremely heavy and as a 
This type of bomb (Figure 11-26) is designed consequence the percentage of explosive is re- 
to meet the requirements of the great majority of duced to-about 15%. ‘The eflect ofa neas miss is 
bombing situations. The various models range small due to the comparatively small amount of , y 
in weight from 100-Ib to 44,000-Ib. The percent- explosive. This type hould not be used against 
age of explosive in this type averages 5U2. Gen- unarmored or lightly armored ships because, 
exal purpese bombs may be used for blast, being fuzed with a'delay fuze to permit penetra- : 
fragmentation, or mining eflect. They are de- tion of armor, the bomb might entirely i 
signed for use with both ‘ail and nose fuzes. Nose through a li ght target before expi J ing. Armer cee 
: fuzes produce move efficient blast effect arid tail Tica Gamibeare aueslined iu shape ane ; 
) fuzes produce inore efficient jeep mining cffect. aeot for tail f i. ‘They hha seit 3 
Botl: fuzes are generally used when blast effect 2° 4P TEU FOr aia Meee ie h a 
is desired, The tail ze is used as insurance Piercing cap whicn aseists in preventing set ? 
igainst malfunction. The metal case is strong “PON nnpect: The streamlired shape, together | 
enough net to ruptvre on impact with teavy with their low-perceistage explosive content ane 
armor or high strength vinforced concrete struc. them a ‘igh ballistic coefficient so that their 
tures. General purpose bo:nbs may be filled with striking velocity is consider?',ty higher than that 
amatol, TNT, or Composition B. tor a SP or LC Lomb of equal weight, dropped : 
U -: 
a 
| | 
r 
4 
iy, 
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as . Fig. 11-26 1000-Ib GP bomb. 
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Fig. (1-28 7000-!b AP bomb. 
flat nose to reduce or prevent ricochet when 
dropped from low altitudes. The depth bomb is 
fuzed with a hydrostatic fuze which functions at 
a predetermined Cepth rather than on imyact. 


frum the same altitude. Armor piercing bombs 
are usually !oaded with Explosive D. 


t1-13.4 SEMI-ARMIOR PIERCING (SAP) 


This type (Figure 11-29) rescmbles general 
purpose bombs except that the bomb body is 
heavier and the explosive charge is approxi- 
mately 30%. It may be used against lightiy ar- 
mored targets or, because of the heavy case 
providing better fragmentation, against concen- 
trations of personnel or maierie!. SAP bombs are 
usually filled with picrato!, amatul or ‘TNT. 


11-13.3 O8PTH 
The dopth bomb is a light case type of bomb 


Depth bombs are loaded with Comp. B, TNT, or 
torpex. Aluminized explosives such as torpex are 
pteferred because of their greatly increased 
underwater effectiveness. 


11-13.6 FRAGMENTATION 


Fragmentation bombs are designed to produce 
their effect throvgh projection of fragments of 
the bomb body. They are intended for use 
against persoane! and light materiel to include 
parked aircraft. Tney may be stabilized by fins 





for medium altitude bombisg or by parachutes 


designed for use against submarines. it averases 
for very low altitucie bombing to de!ay the impact 


70% explosive. The case is cylindrical and h«s a 
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Fig. 11-29 3 
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000-lb SAP bomb. 





Fig. 11-30 Fragmentation bomb, 23-lb. 


of the bomb until the airplane has cleared the 
danger zone. The explosive charge in this type 
of bomb averages 14% and the body walls are of 
uniform thickness. The wall of one type cf frag- 
mentation bomb (Figure 11-30) is a helix mace 
of bar steel with square cross section, Fuzes for 
fragmentation combs are designed to function on 
ox above the surface of the ground. Fragmenta- 
tion bombs are usually loaded with TNT or 
Comp. B. 

Another important type of fragmentation bomb 
is the so-called butterfly (see Figure 11-31). This 
four-pound bomb is dropped in aimable clusters, 


and after the cluster opens the bombs are dis- 
persed over a considerable area. The individual 
bombs have four wings which spring out whea 
the cluster frees the bombs, and which sezve the 


dual purpose of arming the fuze and retarding 
the fall of the bomb. 


11-13.7 CHEMICAL BOMSS— 
GAS AND SMOKE 


Gas and smoke bombs have a light metal case 
which acts only as a container for the chemical 
agent up to the time the bomb strikes the ground. 
These bombs are equipped with superquick fuzes 
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Fig. 11-32 4-Ib incendiary bomb. 


because any penetration of the bomb would carry 
the chemical agent underground, thus diminish- 
ing the effect of the charge. The bomb case is 
opeaed and the charge scattered by a burster 
which is an explosive element resembling the 
booster and auxiliary booster of high explosive 
bombs. Some bursters are long tubes of explosive 
which are loaded along the longitudinal axis of 


the bomb. 


11-13.8 CHEMICAL BOMBS- 
INCENDIARY 


(a) Incendiary bombs. Incendiary bombs 
usually obtain their effects either through the 


burning of thermate with magnesium, or vy the 
burning of jellied gasoline. The most common 
fire bomb used by the United States Air For::e in 
World War II was a four pound bomb consisting 
of an igniting charge of thermate enclosed in a 
case of heavy magnesium alloy. The burning of 
the magnesium, after being ignited by the ther- 
mate, provides the main incendiary effect of this 
bomb. 

A steel head causes the bomb to fall nose first, 
and also gives strength to the nose. In some 
bombs of this type (see Figure 11-32) the steel 
head contains an explosive charge with a delay 
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Fig. 11-33 6-lb oi! incendiary bomb. 


fuze. Such an arrangement is highly discourag- 
ing to bomb disposal personnel, as they don't 
know which bombs have an explosive head, or 
when they may go off. 

(b) Napalm bombs. The second major ctass 
of incendiary bombs is made up of those filled 
with jellied gasctine. Often calleZ napalm bombs, 
they are essentially light meta! containers filled 
with gasoline that has been caused to jell by 
the addition of a chemical. thickener. 

The bomb shown in Figure 11-33 contaias a 
main charge of jellied gascline and an ejection- 
igniter charge of black powder and magnesium. 
The bomb is stabilized in flight by streamers of 
vnuslin which, until release of the bomb from the 
cluster, are packed loosely in the tail cup. The 
Lomb is fuzed to act upon impact with a 3- to 
5-seccad delay. Upon functioning of the explo- 
sive train the gel is ignited and ejected out the 
\ail af the bomb. The fragments of the charge 
burs: from 8 to 20 minutes depending on their 
size. 

The best known napalm bomb cransists of a 
163-gallon airplane gasoiine tank of the jettison- 
able type, which has been filled with jellied 
gasoline. This jellied mass is ignited upon irs- 
pact by ‘wo chemical grenades, one fitted into 
the gasoline filling hole and the other into a 
special tail bracket adapier. The grenades aro 


filled with white phosphorcus and equipped with 
air arming, all-ways fuzes. 

The process of thickening gasoline to produce 
the bomb filer is simple. Napalm, the thickener 
which gives the bomb its name, is stirred iato 
the gasoliae in an npen mixing tank whicli may 
consist of a regular §5-gallon gasoline druri with 
the head taken off. If the temperature is below 
60°F, a peptizer is added to increase the ability 
of the gasoline to absob the thickener and to 
reduce the gelling time. he standard peptizer is 
cresylic acid. 

The improvement and development of the 
napaim bomb is continuing, stimulated vy the 
success of the weapon in Korea. Improvements 
are sovght in the sighting methods, ballistic 
performance in flight, gel composition, and fuz- 
ing. Lack of accuracy continues to be the great- 
est problem in the employment of the boinb, and 
possibilities of extensive development are defi- 
nitely limited until progress is made in the 
development of an acceptable ballistic container. 
Progress in this field is promising but is of a 
classified nature and will not be covered here. 


11-13.9 PHOTOFLASH 


Because of its explosive nature, the photoflash 
illuminating projectile is called a bomb. It pro- 
vides a brilliant light of short duration for night 
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photography. A photoflash bomb, which is 
dropped safe, or whose fuze fails é function, 
may detcnate on impact. The light from photo- 
flash bombs, even at distances prescribed as safe 
fiom homb fragments, is injurious to the eye be- 
cause of its brilliance. Some photoflash bombs 
produce a flash which reaches an intensity of 
50C to 700 million candlepower for approxi- 
mately 0.02 seconds and function from 5 to 90 
seconds after release, depending on setting of its 
mechanical time fuze, 


11-13.10 TARGET IDENTIFICATION (TI) 


This type of bomb is also pyrotechnic in nature. 
It consists of a modified GP bomb case with a 
nuse fuze, an expelling charge, and a number of 
pyrotechnic candles which are ignited by the 
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expelling charge and burn with a characteristic 
color and pattern. TI bombs aie used by “path- 
finder” aircraft, which precede bor-ber attacks 
and designate or identify the target, thus facili- 
tating sighting and reducing the probable error. 


11-13.11 PRACTICE 


This type of bomb is provided for target prac- 
tice. There is a wide variety of types aad weights 
in order to represent all types of service bombs. 
Some practice bombs have a fuze and a spotting 
charge while others are completely inert. 


11-13.12 DRitt 
‘ompletely inert bombs and components are 


supplied for the training and piactice of ground. 


crews. Each type and weight of scrvice bomb is 
represented by a corresponding drill bomb. 


13-14 CLUSTER ADAPTERS 


A cluster adapter is a rack or container de- 
signed to hold a large number of small bombs so 
that they may be carried in the standard bomb 
stations for large bombs (Figure 11-34). The 
cluster adapter siinplifies loading of bombs into 
a plane and thei release from the bemb bay. 

There are two main types of cluster adapters, 
quick opening (frame) adapters (see Figure 11- 
34) and aimable adapters (Figure 11-35). 

In the type shown in Figure 11-34, when the 
cluster is released trom the bomb shackle the 
four-branch arming wire is withdrawn {rom 


the four binding straps which hold the individual 
bombs in the cluster. The bombs then fall free 
of the cluster adapter. 

The type shown in Figure 11-35 is an aimable 
cluster. In the first part of its fall from the plane 
it is fin stabilized and follows a predictable tra- 
jectory. In the nose of the adapter there is a 
flare fuze which may be set to operate from 6 
to 90 seccnds «fter release from the bomb bay. 
At the present time tue fuze fires a black powder 
charge which oper:s the cluster adapter as shown. 
The four-nound fregmentation bombs fall free 
and arm as described previcusly. 


11-15 WARHEADS 


Through World War II the word warhead was 
accepted when referring to the explosive, damage 
creating element of a naval torpedo. Today, a 
little over a decade later, there is a rauch broader 
definition of the word. Warhead: are now con- 
sidered to be the destructive component of a 
missile. 

The warhead may be of the atomic or thermal 


nuclear variety or of one of the non-atomic 


types. Each has its place in military require- 
ments. The following types must be considered 
and the particular effect to be achieved optimized 


for each specific usage to which the warhead is to 
be put: 
High explosive 
Fragmentation — controlled 
H.E., A.T. 
H1.E.P. 
Kinetic energy 
Chemical 
Biological 
Atomic (fission) 
Thermal nuclear (fusion) 
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Fig. 11-35 Fragmentation bomb cluster, M2?. 


The ultirnate selection of the type warhead to (a) What effect or effects are to be optimized? 
be employed on a missile systern requires that (b) Over what radius must the terminal ef- 
the design engineer determine the answer to a ___ fects act? 
multitude of questions. A few of the questions (c) What are the limits of dimensions end 
which must be answered are listed for considera- | weight to which the warhead must conform? 
tion and stimulation of further thought. (d) Ts what acceleration and deceleration 
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will the warhead be subjected? 

(e) What effect will change in altitude have 
on blast, therrnal, and nuclear effects? 

(f) What storage corditions and length of 
storage may be expected? 

(g) Who will service and fire the system? 

(h) What special equipment %s needed to 
handle the warhead? 

(i) Are ‘nterchangeable warheads to be con- 
sidered to allow selection of type and magnitude 
of terminal effects? 


The answer to these and mary other questions 


will indicate the direction which must be pur- 
sued in developing a missile warhead which will 
allow the terminal effects desired to be maxi- 
mized while at the same time keeping the war- 
head within proper dimensions and weight 
limitations. The problem is similar to that found 
in developing projectiles for a projectile gun 
system. The design and construction of missile 
warheads is much morc difficult in most cases, 
however, due to the rigid specifications required 
demandirg selection of equipment and engineer- 
ing materials which are often of new design and 
of uncertain response at extreme conditions. 


11-16 GRENADES—INTRORUCTION 


Grenades are small explosive or chemical mis- 
siles intended for use against an enemy at rela- 
tively short ranges. There are two basic types of 
grenades: those thrown by hand and those pro- 
jected from rifles or carbines equipped with 
suitable grenade lauachers. By attaching a suit- 
able adapter some of the hand grenades may 
also be Sred from rifles and carbines. Hand 
grenades provide the soldier with an auxiiary 
weapon, similar to a shell or bomb, to supplement 
his basic weapons. Rifle grenades are valuable 
not only for specialized use, such as against 
tanks, but also for covering the ranges between 
the maximum for hand grenades and the mini- 
mum for mortar shells. Special blank cartridges 
packed with rifle grenades, must ke used in the 
weapon for projecting these grenades, and the 
rife or carbine irom which they -re fired must 


also be fitter. with a special launching device. 

Both hanr! and rifle grenades can be classified 
into three genera! types: explosive, chemical, 
and practice or training. Explosive grenades, 
producing, fragmentation or blast, are used rri- 
marily for antipersonnel cr antitank effect, though 
they may also be used es demolition agents. 
Chemical grenades are employed for casualty, 
harassing, incendiary, screening, and signaling 
purposes. Some of them may also be used for 
training purposes and demi.itarization. 

Grenades thrown by hand are normally fitted 
with a delay action fuze. For explosive hand 
grenades and bursting type white phosphorous 
hand grenauc., this delay is set for approxi- 
mately 4.5 seconds. Burning type chemical hand 
grenades use a fuze with a celay of approxi- 
mately 2 seconds. 


11-17. HAND GRENADES 


11-17.1 FRAGMENTATION 


Figure 11-36 shows a typical H.E. hand gre- 
nade. This grenade is a controlled fragmentation 
device as discussed in Par. 7-9, Part 2. It is loaded 
with a high ¢xp!osive which causes the fragments 
to be projecteri outward in a pattern designed to 
optimize lethal effect. 

The tuze tor this grenade has = primer, a 
combustible ‘ime delay train, and 2 detonator. 


Attached to the fuze body is a safety lever which, 
hy means of a safety pin, is held in place against 
the action of the striker spring. Just prior te 
throwing, the safety pin is removed. When the 
grenade is thrown, che safety lever is pushed 
off by the striker, allowing the striker to hit the 
prim2r. The primer ‘gnites the time delay train 
and, after 4 to 5 seconds, the delay train bums 
‘through and causes the detonator to explode. 
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This, in turn, causes the explosive filler in 
the grenade to detonate, thereby fragmenting the 
grenade. Fragments may fly over 200 feet. 

The fragmentation hand grenade may be 
launched from a rifle or carbine by using a 
special projection adapter. The adapter consists 
«f a tail fin and stabilizer assembly with four 
metal claws at the ‘forward end to hold the 
grenade body (see Figure 11-37). One claw has 
an arming clip to hold the safety lever of the 
grenade in place until reinoved by the setback 
force of firing. Once the safety lever has flown 
fize, the grenade functions after the usual delay. 
®y using the adapter it is possible to obtain air 
bursts with the fragmentation grenade, a result 
impossible ‘when it is launched by hand. 


11-17.2 OFFENSIVE 


The offensive grenade is intended to have an 
antipersonnel effect over a smail radius. It con- 
tains seven cunces of pressed TNT, which is 
about four times the content of the fragmentation 
grenade. The blast effect is therefore very great, 
though no significant fragmentation is obtained 
from the destruction of the laminated paper- 
sheet metal body. 


11-17.3 CHEMICAL GRENADES 


(a) Burning type. The standard -ontainer for 
this type of grenade is a cylindrical steel can. 
The fuze for these grenades is sirailar to the fuze 


used in the fragmentation grenade, except that 
it has au igniter instead of a detonator, and has a 
short delay time of 2 seconds. Grenades of this 
type have waterproof. adhesive tape covered, 
smoke emissioa ‘soles in the top, sides, or bottom. 
These grenades ure described briefty as follows: 

(1) The irritant hand grenade has a harassing 
effect. Its principal use is in the control of civi! 
disturbances. The burning time is 20 to 6C sec- 
onds. The filler is a composition cf tear gas, 





Fig. 11-36 Fragmentation 
hand grenade. 





Fig. 11-37 Fragmentaticn hand grenade shown in adapter for feunching from rifle or carbine. 
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vomit gas, and smoleless powder. 

(2) The tear gas hand grenade is identical 
with the irritant grenade except that it has a 
tear gas filler. Priucipal uses are in control of 
civil disturbances and training in use of the gas 
mask. 

(8) The smoke grenade is an Army-Navy 
standard white smoke grenade used for signaiing 
and screeninj; purposes. The container is stand- 
ard except that there are no ensission holes in 
tt. side. The burning time is about two m:uautes. 

(4) The incendiary grenade is an Anny-Navy 
standard item for setting fire to enemy materiel. 
The coatainer is standard except that there are 
no emission holes in the side. Clamps of steel 
strapping, which fit around the body of the 
grenzJe, may be used to nail the grenade against 
an object to be burned. The filling is thermate, 
which burns at approximately 4830°F for 30 tu 
35 seconds. 

(5) The colored smoke grenade is available in 
red, green, yellow, and vivlet. It is used for 
signaling purposes. The container has emission 
holes in the top, and a single hole at the bottom. 


11-18 RIFLE 


11-18.1 EXPLOSIVE 


A typical antitank rifie grenade (Figure 11-38) 
consists of a sheet steel body, cone, ard ogive 
assembly to which is attached a point-initiating 
tase-detonating fuze, and a stabilizer and fin 
assembly. Defeat of armored targets, its pri- 
mary mission, is accomplished by use of the 
shaped charge principle. 


11-18.2 CHEMICAL RIFLE GRENADES 
(a) Burning. The burning type of chemical 








A tapered hole «xtends through the center of the 
grenade froia the bottom emission hole to the 
fuze. The ignition mixture lines the tapered cav- 
ity. The grenade produces a heavy smoke for 
approximately one minute. 

(b) Busting type. There is only one sta:idard 
chemical grenade of this type and it is known 4s 
the WP smoke grenade. This grenade has a 
© awn steel cylindrical body similar in size to the 

wming type chemical hand grenadis, and is 

led with white phosphcrous. The detonating 
»-17e used in this grenade causes it to split open 
and project burning particles of phosphorous 
over a radius of about 15 yards. This produces 
a derse white smoke screen and wili cause casual- 
ties by burning. 


11-17.4 PRACTICE AND TRAINING 
HANP SRENADES 


Such grenades are used in training. They may 
be incr¢ (training), or loaded with a charge of 
black powder contained in a cloth tube (}rac- 
tice). !n this case the charge is inserted intr the 
filling hole, which is closed with a cork. 


GRENADES 


rife grenade consists of a deep drawn, thin 
walied steel bedy with hemispherical ogive and 
body union asscmbly, to which is attached a 
simple base fuze aad a stabilizer and fin assem- 
bly. This type cf grenade is available with 
approximately eieve. ounces of white smcke or 
sever ounces of standard colored smoke filling. 
both of these types of chemical rifle grenades 
commence burning upon impact due to the 
action of the base initiating type cf fuze. The 


Fig. 11-38 Grerade, rifle, H. E., A. T. 
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Fig. 11-39 Smoke rifle grenades. 


white smoke grenade is intended primarily fox 
screening purposes and the colored smoke gre- 
nades for sigualing. 

(b) Bursting. The bursting type is the coun- 
terpart of the WP smoke hand grenade. The WP 
smoke rife grenace (Figure 11-39) has a stabi- 
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Mines consist of a high explosive charge which 
is detonated by mechanical or chemical fuzes 
when actuated by a vehicle or personnel. An 
explosive-containing adapter is used for some 
mines so that standard firing devices (such as 
antilifting devices) may be installed for second- 
ary initiation. Land mines are ciassified accord- 
ing to use as antitank or antiversonnel and also 
as service, practice, or dummy. 

The ease with which metallic mines can be 
detected by electromagnetic detectors and other 
devices has led to the development of a family 
of ronmetallic mines. Present development types 
are of about the same size and general appear- 
ance as their metallic count>rparts but they have 
plastic bodies and nonmetallic fuzes. ‘The rro- 
portion of high explosive to total weight of the 
mine is considerably increased by the use of 


lizer and fin assembity identical to that used in the 
antitank grenade. it contains app~oximately nine 
ounces of white phosphorous and is equipped 
with a burster actuated by a Lase detonating 
fuze. The sponstaneously combustible white 
phosphorous filler is scattered upon impact. 


MINES—INTRODUCTION 


plastic instead oi metal, so more powerful mines 
can be: constructed within a given weight limita- 
tion. 

An important aspect of the employment of 
mines is the use of special firing devices to in- 
crease the difficulty of removing them ouce they 
have been positioned. Firing devices may be 
readily installed in special fuze weils which are 
built into ali antitank mines and wil! cause “he 
mine to furction when it is disturbed or lifted by 
mine disposal personnel. These devices also fird 
many other important uses including the con- 
struction of booby-traps. 

Min:s have played an important role in in- 
fluencing action on the battlefield. Employed in 
their major role they have denied likely routes of 
attack to the aggressor by making his potential 
losses in mcs and materiel more than he can 
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absorb. In this role the use of millions of anti- 
personnel and antitank mines has greatly intlu- 
enced the outcome of an engagement. 7-2 study 
of mines from an engineering viewpoint becomes 
doubly imnortant, for here again it is possible to 
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utilize basic engineering principles to analyze tke 
effectiveness of currently used mines and to de- 
sign newer and more lethal models using con- 
troiled fragmentation principles, ac¢vancements 
made in the shaped charge, and the like. 


18-20 ANTITANK mINES 


11-20.1 HEAVY ANTITANK MINE 

The heavy antitank mine M6 is 2 typical ex- 
ample of a high explo.ive type designed for use 
against tans (Figure 11-40). It is }oaded with 
approximately 12 lb of TNT. The comple‘e as- 
sembly weighs app: oximately 20 !b. Permaucntly 
assembled to the mine body is s round pressure 
plate containing « reversible plug which covers 
the fuze weil. The pressure plate is sur ported 
internaily by circular belleviile springs, ard a 
pressure of 200 pounds on the plate wii! cause 
the fuze to fuaction. 


11-20.2 LIGHT ANTITANK MIN= 


The ligit antitank mine M7 is a flat, quert- 
sized mine (Figure 11-41) filled with about 3 Ib 
of hign explosive, usually tetrytol. It is intended 
for antitank use Lut may easily be converted for 
artinersonne! use. It can Le detonated bv a 
force of approximately 190 Ib on the pressure 
plate. A U-shaped pressure plate fits over the top 
ef the mine and covers the fuze. The mine is 
rectangular in shape and weighs about 4 Ib. A 
number. of firing devices may be used to guard 
against tampering with, or removal of, this mine. 
The same types of fuzes used in the heavy anci- 
tank mize are used in this mine. 


41-21 ANTIPERSONNEL MINES 


The bounding antipersonnel mine, (Figure 11- 
42) throws a projectile upward to a height cf 2 
to 4 fcet, after which the projectile explodes. The 
projectile is thrown into the aix hy the burning of 
a small propelling charge of black powder in the 
base of che mine. 

The mine is primarily empicyed in mixed minc 


fields to protect eatitank mines against enemy 
breaching parties. With a combination fuze the 
mine can be detonated either by pressure or pull. 
Tie increased effectiveness o/ this mine is gained 
in par* by use of controlled fragmentation tech- 
niques. 

Stationary antipersonnel mines come in many 





Fig. 11-40 Heovy antitank mine, M6, cross section. 
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Fig. 11-41 Light antitank mine, M7, with chemical fuze. 





Fig. 11-42 Antipersonne! mine, M14, cvoss-sectionol view. 
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sizes erd shapes. Two are shown in Figures 11- These mines are used for a multitude of pur- 
48 and 1!-44. These antipersonnel devices are _ poses, ranging from the protection of mine fields 
so designed that varieus influences can be used _ to the booby-trapping of a dead body. Some may 
ti use detonation of a single type mine, e.g., | depend primarily upon fragmentation for their 
trip wires, <lirect pressure or removal of pressure. _ lethal effects, others on blast. 
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11-22 DEMOLITIONS—INTRODUCTION 


Demolition materials include explosive equip- 
ment intended for destruction of obsiacles, fo-ti- 
fications, and general materiel. Most demolition 
charges may be fired electrically by electric blast- 
ing caps or non-elecirically with safety fuze and 
non-electric blasting caps or delay detonators. 
The properties required of explosives used in 
demolition charges will depend on the uses to 
which the charges are to be put. For example, 
the explosive used for cutting steel should have a 
high rate of detonation, whereas an explosive for 


a cratering charge should give more a hea .ng 
action and should have a lower rate of ¢«cona- 
tion. In general, all explosives used fui demo- 
lition charges in military operations should have 
the following properties: 

(a) Insensitive to shock or friction. 

(b) Reliably initiated by easily made deto- 
nators. 

(c) Suitable for underwater use. 

(d) Sufficiently stable to retain their useful- 
ness in any climate. 


11-23 CHARACTERISTIC TYPES OF DEMOCLITIONS 


11-23.1 PRIMACORD 


A detonating fuze which is often used to set oft 
demolition charges is primacord, which consists 
of a waterproof textile tube filled with PETN. 
This cord has a velocity of detonation of 20,350 
feet (6200 meters) per second, and permits the 
virtually simultaneous detonation of mine fields, 
strings of bangalore torpedoes, and similar ar- 
rangements of high explosive charges. 

e e 


11-23.2 BANGALORE TORPEDOES 


The bangalore torpedo is a steel tube or pipe 
filled with high explosive. Each piece is 5 feet 
in length and 2.13 inches in diameter, and is 
grooved and capped at each end. The, tube is 
filled with eight pounds of 80/20 anetol, and has 
a one-half pound TNT booster charge at each 
end. The torpedo is used primarily to clear mine 
fields and barbed wire obstacles, but mav also 
be used in other demolition work. Bangalore 
torpedoes can be easily joined by means of con- 
necting sleeves to make long explosive charges. 


11-23.3 SHAPED GIMOLITION CHARGES 


The standard shaped charges are cylindrical 
and have a cone shaped top with a conical recess 
in the bottom. They are all supported above the 
target by suitable stands in order to obtain opti- 
mum standoff. The 15-lb shaped charge con- 
tains approximately 12 lb of 50/30 pentolite in a 


moisture resisting moided fiber container. The 
liner in this charge is a glass cone with a 60° 
apex angle. The top of the charge has a threaded 
cap well for receiving a blasting cap. The con- 
tainer extends beyond the base ot che charge to 
hold the charge at the correct stand-of distance 
from the target to obtain maximum penetration. 
The charge will penerate 36 inches of reinforced 
concrete. If the concrete is of greater thickness, 
it will produce a hole approximately 30 inches 
deep and 3 inches in diameter. The 40-lb shaped 
charge (Figure 11-45) contains a thirty-pound 
explosive charge in a metal container. Metal legs 
provide the correct stand-off distance. The 
charge may be Composition R topped with 50/50 
pentolite or all 50/50 pentolite and may be dcto- 
nated by a blasting cap. The liner for this charge 
is a 60° cone made of steel. This charge will 
pevetrate a 60-inch concrete wall. The resulting 
hole will be large enough to insert a standard 
bangalore torpedo. 


19-23.4 DEMOLITION BLOCKS 


These consist of rectangular blocks of high 
explosive (TNT or tetrytol) used for general 
demolition work. Some are made of plastic ex- 
plosive (Composition C-2 or C-3) which can be 
molded to any desired size or shape. 
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Fig. 11-45 40-lb shaped charge, M3. 


11-24 PYRCTECHNICS—INTRODUCTION 


Since very early in the history of mankind, fire, 
smoke, and noise have been used for purposes 
of cummunication. The fre on the seaside hilltop 
to warn mariners in stormy weather; the rife shot 
fired as a signal for help by a hunter lost in the 
woods; and the smoke puffs released from special 


covered smudge fires by Indians of the American 
West all have their counterparts in modern 
ammunition. These early means of communicat- 
ing signais were the foreruiners of our modern 
pyrotechnics, flares, and signals. 
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There are two main type: - giound flares: 
airport flares and trip flares. Airport flares are 
used on the ground to provide illumination for 
airplane landings at emergency fields or in cose 
of power failure at airports. 


11-28.2 ‘RI? FLARES 


To warn of infiltrating enemy troops and for 
illumi. ating such troops, there are two types +f 
trip flares. One is, in effect, a one-shot mortar 
(Figure 11-46). Fired by a trip wire, it projects 
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Fig. 11-48 Parachute trip flare, M48. 


11-23 FLARES 


an illuminstics sheii vertically to an altitude of 
250 to 400 feet where « parachute supnorted 
candle is ignited ard expeiled fre. uc Baro 
case. The ccinise Turns for 20 seconds and pro- 
duccs 110,000 cardlepower, enough to illuminate 
oe Obververs 
should avoid jooking directly at the fare since 
momentary badness may result. 

The other ‘ype of trip flare, the M4, resembles 
a hand grens:ie in size, shape, and rsethod of 
fusing, with the addition of a bracket for attach- 
ment to a tree or post, and a trigge:; mechanism 
for releasing the safety lever (and hence the 
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rig. 11-47 Trip flare, M49. 


strikes) to ignite the flare (Figure 11-47). The 
trip wire is attached to the trigger. There is no 
delay in this flare: It burns for one minute with 
an output of 40,000 candlepower, illuminatiiz an 
area of approximately 300 yards radius. It is 
possible to use this flare as an illuminating gre- 
nade, taking care, however, that the lever is 
heid securely by the throwing hanc until the 
fare leaves the hand. Remember that there is 


no delay element in the fuze and that the flare 
has a considerable incendiary effect. 


The urgent problem of providing an illuminat- 
ing rifle grenade was met and solved in the 
Korean Conflict by the Japan Logistical Com- 
mand. Such a round, designated the JLC-T2, 
was actually improvised from the M49 trip flaro 
and the stabilizer (shaft, fuze, and fins) slightly 
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moa:ied, from an M9AI H.E., A.T. rifle grenade. 
With this homemade grenade, the M49 flare can 
be projected a distance of several hundred yards, 
and the flare will be ignited on impact. More 


1 Hayes, Elements of Ordnance, New York: John 
Wile, and Sons, 1938, pp. 551-623, 656-666, 


2 Ohart, Elements of Ammunition, New York: 
John Wiley and Sons, 1946. 


3 Department of the Army Technical Manual, 
TM9-1900, Ammunition, General, Washing- 
ton, U.S. Government Printing Office, 1956. 


4 Department of the Army Technical Manual, 
TM9-1990, Smali Arms Ammunition, Wash- 
ington, U.S. Government Printing Office, 
1947. 
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recently, Picatinny Arsenal has developed an 
illuminating, rifle grenade, the T45, using the 
same stabilizer, but with a new illuminant giving 
twice th: candlepower. 
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GHAPTER 12 
FUZES 


12-1 INTRODUCTION 


A fuze is a device for igniting, detonating, or 


releasing the charge or warhead of a missile and - 


causing it to do the type of work for which it is 
designed. Fuzes may perform their function 
upon impact, at a certain predetermined time, at 
a specific distance from the target, or under 
various other conditiors. A fuze is but a small 
part of a complete weapon system, but unless the 
functioning of the fuze is exactly as intended, the 
entire effect of the missile may be lost. 

The fuze designer must bear in mind the fol- 
iowing characteristics as he plans a fuze: 

(a) Certainty of action. 

(b) Safety in handiing and use. 

(c) Freedom from deterioration in storage. 

(d) Simplicity in design and construction. 

(e) Strength to withstand the forces of firing 
or launching. 

(£) Conipactness. 

(g) Streamlining for good ballistics. 

(h) Ease of manufacture and loading. 

(i) Reasonable economy in manufacture. 
Some of these characteristics are conflicting; for 
instance, the addition of safety features may 
greatly complicate the problem of design and 
increa:> the cost of manufacture. 

Additioi.ally, each of tlie characteristics listed 


becomes more or less critical depending upon the 
type of missile being Jaunched. Thus, compact- 
ness is essential for the fuze ot an artillery pro- 
jectile, yet becomes less important for large 
missiles where space is not so restricted. Furiher- 
more, simplicity is often sacrificed for reliability 
when the missile is to carry a very large and 
expensive warhead. 

Compact fuzes such as those for artillery shells, 
small rockets, and mortars, must perform the 
same functions as larger fuzes, such as are found 
in large guided missiles. Essentially, they must 
initiate detonation at .he optimum time, while 
assuring that detonation does not oceur picima- 
turely. Since the fuze must be safe when 
launched, the fuze desizner must take advantage 
of forces or effects available during and after 
launch to prepare the fuze for firing and te ac- 
tivate it. 

In general, modern fuzes consist of a con- 
nected series (train) of small explosive charges, 
together with a device for initiating the action of 
the first charge in the train. In the functioning of 
a fuze, each charge by its action initiates that 
of the next charge in the train, the final charge 
in the fuze causing the detonst’on of the burst- 
ing charge in the micsile. 


12-2 CLASSIFICATION OF FUZES 


When considering types of action, or manner 
of functioning, fuzes may be classified as: 
Time 
Impact 


In time fuzes the time delay is initiated upon 
launch of the miss‘le. The iirc element is 
obtained by use of either a powder train of black 
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Proximity 
Hydrostatic 
Chemical delay 
Ambient 


powder c. by a mechanics’ devive similar to a 
watca mechanism. 'r: spin stabilized rounds, the 
mechanical type has largely replaced the powder 
train tyz-e because of its greater uccuracy. The 
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rate of burning of a powder train is affected by 
moisture, density o.' the air, and the degree of 
compression of the powder iu the train due to 
setback; factors to which the mechanical fuze is 
relatively insensitive. Time fuzes are designed 
for use against aircraft and for air bursts aguinst 
certain types of ground targets. 


32-2.2 UAPACT RUZES 


Impact fuzes are designed to function upon 
impact with the target or at scme short time 
thereafter. In this type the tire deiay, if any, is 
measured from the instant of impact. The fol- 
lowing list describes the types of impact fuzes: 

(a) Superquick. This type is designed to 
burst the missile immediately upon impact and 
before it has penetrated, resulti:g in very little 
cratering and a maximum effect above ground. 
The period of time from impact until detonation 
of the bursting charge for superquick fuzes is on 
the order of 100 micioseconds. The firing pin is 
driven directly into the primer by the force of 
impact: They are used on chemical shells and on 
HE. shells where the target is above the ground 
(wire, personnel, or light materiel). 

(b) Supersensitive. This type is the same as 
the superquick, except that it is designed to 
function upon impact with a very light target, 
such as an aircraft wing. These fuzes are always 
point fuzes. The firing pin is driven directly into 
the primer by impact just as it is with superquick 
fuzes 


(c) Non-delay. This type is designed to burst 
the missile before complete penetration of the 
target occurs. A small crater is obtained, mcst of 
the effect being above ground. Non-delay fuzes 
do not act as quickly as superquick fuzes. This is 
because the firing pin is of the inertia type and 
is carried forward against the primer by the 
force of inertia (setforward force) on impact. 
The functioning delay is on the order of 500 
microseconds. They are used on H.E. missiles 
against materiel targets and lightly fortified po- 
sitions. In World War Il, H.E., A.T. (shaped 
charge) projectiles, such as the round for the 
106-mm howitzer were used. K1E., A.T. rounds 
er oe detonating (P.I., 
B.D.). 

(d) Delay. This type is designed to burst the 
missile in .05-.25 seconds after impact. It in- 
cludes a primer assembly of the non-delay type 





together with a delay powder pellet between the 
primer and detonator. These fuzes are used on 
all A.P., H.E. missiles and on H.E. missiles w*en 
some penetration of the target is desired, such 
as against earth, lightly constructed emplace- 
ments, etc. They are also used to obtain ricochet 
action of shell when firing egainst personnel. On 
AP m/:siles the fuze is always in the base, but 
for other missiles it may be either a base ur a 
point fuze or voth. 

{e) Selective superquick or delay. This type 
is designed so that the fuze mey be set for either 
superquick or delay action, thus giving versatil- 
ity of performance. It is always a point fuze. 

(f) Piezoelectric fuzes. For applications 
where extremely rapid action is required (c.g., 
high velocity H. E., A.T. rounds), a fuze depend- 
ing for its initiation upon a piezoelectric crystal 
is used. Contact with the target deforms the 
crystal, delivering current to an electric deto- 
nator and starting the fuze action. 


12-2.3 PROXIMITY FUZES 


The proximity fuze was one of the spectacular 
developments of World Waz II. This fuze is 
actually a combination of radio broadcasting 
and receiving station. The waves, which are con- 
stantly being broadcast by the fuze at a set fre- 
quency, are reflected back from the target and 
picked up by the receiving set in the fuze. This 
fuze functions when it comes within proper prox- 
imity to any target capable of refiecting its waves. 
Various other proximity devices such as photo- 
electric scnsers, have been attempted, but with- 
out notable success to date in this country. 


12-2.4 HYDROSTATIC FUZES 

Hydrostatic fuzes are empioyed in depth 
bombs for underwater demolition work. The 
fuzes work on the principle of a bellows or 
diaphragm which expands owing to incresze in 
water pressure as the bomb sinks, aud thus 
counteracts the force exerted by a spring. When 
the spring force is overcome, the fring pin is 
released and driven against the primer by spring 
action, the action really beir:g that of a cocked 
fring pin. 
12-2.8 CHEMICAL “UZBS 


Chemical long delay fuzes cre employed in 
aircraft bombs to produce detonation from 1 
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hour to 144 hours (6 days) after release. Delay 
is obtained through employment of a chemical 
combination of alsohél and acetone to soften a 
celluloid collar thus releasing « cocked firing 
pin. This tvre cf inze is particularly responsive 
tc Lvat and cold. High temperatures shorten the 
time delay and low temperatures retard it. The 
design of these fuzes usually incorporates anti- 
withdrawal devices ‘o prevent enemy bomb dis- 


te 


posal personrei from disarming the bomb during 





the delay iz.erval. 


12-2.6 AMBIENT FUZES 


These tuzes make use of ambient conditions 
existing above the surface to sense altitude above 
target. The most probable condition to be ued 
is air pressure, which is accurately known as a 
function of altitude. Other possible conditions 
which might be measured are the earth’s electro- 
static or magnetic fields. 


12-3 PRINCIPLES OF FUZE DESIGN 


A fuze must be so designed that it will not only 
assure certainty of functioning at the proper time 
or place, but will also assure certainty cf not 
functioning pre:naturely, with resulta: damage 
to the launching device and crew. To obtain 
these ends, the fuze designer has available certain 
forc2s with which to work, depending upon the 
type of ammunition for which he is designing a 
fuze. The forces available include the following: 
( Sigure 12-1) 





Fig. 12-1 Principal forces used in ortillery fuze design. 
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(a) Setback. The force of inertis or resistance 
to the extreme acccieration of the projectile in 
the bore of a gun or after launch until burnout 
in the case of a rocket. It is the same force which 
flings an automobile driver back against the seat 
when he suddenly accelerates the vehicle. Set- 
back is available from the instant the prviectile 
starts to move until] it stops accelerating. It is 
maximum for tube-launched projectiles where 
pressure is maximum (F = Ma\e 
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(b) Setforward, The force of inertia or resist- 
ance to the extreme deceleration of the projectile 
upon impact with the target. This force is com- 
parable to that which throws an automobile 
passenger forward when the brakes are applied 
suddenly. 

(c} Creep. The force of inertia or resistance 
to the -low deceleration of a projectile during its 
flight from the instant the projectile stops ac- 
celerating unti! it reaches the target. This force 
preduces a tendency for movable parts of the 
fuze to creep forward. It is actually a form of 
slow or week setforward. Creep is also present in 
free falling bombs because components inside 
the bomb are capable of greater accelerations 
*han the bomb body which is influenced by air 
resistance. 

(d) Centrifugal. This force is caused by the 
rotation of spun projectiles. Whereas the force of 
setback exists only during the time the pro- 
jectile is traveling down the bore, centrifugal 
iurce exists from the time the projectile starts to 
move until impact or detonation occurs. Cen- 
trifugal force is greatest where linear velocity is 
greatest (F = Ma; linear acceleration =r? o 
F = M,'r). 


Whereas the above forces ure the principal 
forces employed to actuate the various fuze 
mechanisms, other forces which are utilized in- 
clude spring force, air or wate: pressure on the 
fuze, the force of friction, the pressure of the 
propellent gases in certein base fuzes for rockets, 
and the force of the air stream used to tum an 
arming vane for c2rtain types of rocket and bomb 
fuzes. Electromotive force is becoming increas- 
ingly important in the design of fuzes for pro- 
jectiles and missile warheads. 


12-3.1 SAFETY FEATURES 


Fuzes are designed to embody various safety 
features which will a'lo-v accurate control of 
their functioning. 2rior to considering specific 
examp'es of mechanisms used to provide fuze 
safety, a discussion of the definitions associated 
with the field of fuze design will be undertaken. 

(a) Definiticns. 

(1) Bore safety. A fuze is said to be bore safe 
when the explosi... train is interrupted by a 
mechanical part between the detonator and the 
booster until the miszile leaves the launcher. Ir 
the primer or detonator should accidentally go 
off while the missile is still in the launcher, the 





Fig. 12-2 txampis: of arming and safety devices. 
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detonating wave could not reach the booster. 
The reason for not interrupting the explosive 
train hetween the booster and bursting charge is 
that the explosive force of the booster is so great 
that if it shovld go off prematurely in the 
launcher, it would blow through any safety de- 
vice and set off the bursting charge. 

(2) Armed. A fuze is said to be armed when 
a fring device is placed in condition to detonate 
on iu.pact, inilueace, or at a preset time. 

(3) Unarmed. An unarmed condition :. ob- 
tained by a supporting device to b_ld the firing 
pin a short distance away from the primer, by « 
device which holds the firing pin out of direct 
line w:th the riimer; or by a device which holds 
the primer or primer-detonator out of line with 
the firing pin and the resi of the explosive train. 
Fuze design must include « provision for arming 
the fuze before it reaches the target. 

(b) Mechanisms. The required safety fen- 
tures of a fuze may be obtained by applying the 
available forces *hrough various raechanical de- 
vices. Many of these devices are intricate. 

(1) Centrifugal pins. Spring loaded ccntrif- 
ugal pins are mounted perpendicular, or nearly 
so, to the axis of the missile. The pin protrudes 
into, and prevents moveinent of other devices 
until centrifugal force moves the pix out of such 
device, conpzcssing the spring Brick has been 
holding it in place. 

(2) Setback pins. Spring loaded setback pins, 
similar to centrifugal pins, are mounted parallel 
to the axis of the missile so that setback force 
compressez «ie spring and pulls the pin out of 
the devics into which it was protruding and 
restraining from movement. 











(3) Centrifugal interrupter. The <cntrifugal 
interrupter is similar in operatior to a centrifugal 
pin, bit larger. It is used to block oF the flash 
hole. between the detonator and booster thus 
interrupting the explosive train. It is moved free 
of the flash hele by centrifugal force. 

(4) Semple centrifugal plunger. The Semple 
centrifugal plunger is a typical example cf an 
arming mechanism used in many of our base 
detonating fuzes (Figure 12-3). Although tnis 
plunger is operated primarily by centrifugal 
force, :¢ also makes use oi the force of setback to 
prevent arming until the missile has ‘eft the 
launcher, and of setforwazd iorce to actually 
drive the firing pin into the primer. 

The fring pin g is mounted on its pivot j in a 
slot in the x lunger body f. In the uv,:ra-ed posi- 
tion of the fring pin, each safety pin h is pressed 
by its spring i into a hole in the dring «in aad 
keeps the firing pin from rotating about its pir. 
i A side blow which might compress one spring 
«nd pe: mit the pin te leave the hoi: wouk] force 
the opposite pin all the more firmly into it: hole. 
For this reason it is practically impossik:s for the 
fuze to arm itself in transportation. 

When the missile has attained « certnin veloc- 
ity of rotation the centrifugal force causes the 
safety pins to compress their spr:ugs and leave 
the hole + in the firing pin. The firing pin is then 
free to turn alcut its pivot j. The weight of the 
firirg pin is so disposed with reference to its 
pivot that centrifugal force will ted to tui it 
about the fulcrum and arm it. However, the 
force of setback which acts oa the fuze while 

‘ssile is still in the launcher overcomes the 
.ugal force and holds the S:ing pin in the 





Fig. 12-3 Sempie centrifugal ptunger. 
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urarmed position until the missile has cleared 
the launcher. After cessation of the setback 
fazce, centrifugal force rotates the firing pin 
about its pivot and places it in the a~nea posi- 
tion. The forces acting tend to keep the firing pin 
in the armed position once it has been armed. 

After the missile leaves the iaunchins device, it 
is subjec* to retardation due to the resistance of 
the air. The ph:nger, f, nct being subject to this 
recistance, tends to creep forward and bring the 
Bring pin in coutact with the primer. To prevent 
this, a restraining spring (creep spring), not 
shown it the Figure 12-3, is praced between the 
forward cnd of the plunger and the fuze housing. 

(3) Retox. The rotor (Figure 12-4) is an 
eccentricilly weighted retating budy mouxted so 
taat its rotating axis is parallel to the axis of the 
saisv‘le. The zotor usually contains the detonator. 
Uxtil the missile leaves the launching devics, the 
rotor is held in such a position by <entrifugal 
prz that the detonator is out of line of the flash 
bole ar the explosive train, the flash hole heing 
coverea by a solid part of the rotor (Figure 12- 
4a). Aker the missile leaves the launching de- 
vice, the centrifugal pins move ovt of the rotor, 
which then rotates about the roter pivot pin unt! 
it comes tc rest agaast the rotor stop pin (Fig- 
ure 12-4b). In suc a position the detonator is 
lined uy with the flash bole tcading to the 
booster. Operation of the rotor normally provides 
bore safer 

Some f #f late design incorporate a spher- 
ica} rotor instead of the conventional flat rotor 
described in the preced’:; >aragraph. Such 
rotors provide positive bore safety, prevent ar:.- 
ing of the fuze fur a snort distance from the 


centrifugal pin 


pin 





launching device, and thus greatly simplify fuze 
design by eliminating the necessity for « separate 
interrupter in the path of the impulse from the 
primer, or the additional flat rotor often em- 
ployed in the booster. The delay is realized and 
may be varied in accordance with spferical rotor 
design, it being a functisa of weight distribution, 
ie., the force exerted by the coupie: formed. 

(6) Slider assembly. The slider assembly is a 
device somewhat similar to an interrupter; how- 
ever, it is somewhat larger and also cvntains the 
prim:r or primer-Jetorator, which is held out of 
liz with the Fring pin and the rest of the ex- 
plosive train unti! centrifugal force -noves the 
slider over, bringing this first explosive compo- 
uent under the firing pia and in line with the 
other elements of the explos‘ve train. In the case 
of a smooth bore mortar shzti the slider is moved 
intc the armed position by spring force. 

(7) Devices which integrate acceleration 
(Figures 12-5 and 12-6). ‘This type of device 
ccnvsisis of several setback weights held forward 
by st-ings and so arranged that they must move 
back in sequence. The device is further ar :anged 
that if only some of the weights have moved back 
under the action of acceleration and the accelera- 
tion ceases, they all :eturn forward so that the 
fuze cannot remain partially armed. The restor- 
ing springs also serve to increase safety because 
they set the threshold acceleration that is re- 
nuired before the elements respond at all. 

In addition to iuese vrincipal sefety devices 
the following miscellaucous meaus are also used: 
Springs to overcome creep; crush collars to sup- 
por the firing pin and hold it away from the 
primer until impact; shear wires and shear pins 
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Fig. 12-2 Rotor. 
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er Fig. 12-6 Photograph of mecharical integrating accelerometer 
§ (avout four times actual size). 
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which restrain firing pins and plungers and which 
are sheared off on impact; resistance rings which 
hold a plunger in place by friction and which are 
overcome by setforward; half-rings and spiral 
wrappings which support the firing pin and 
which are moved out of place by centrifugal 
force after the projectile leaves the bore; cotter 
pins which restrain the movement of some mech- 
anism and which must be withdrawn by hand 
before loading the projectile into the weapon (as 
is the case with the 60-mm and 8l-mm mortar 
fuzes); shutters which contain the detonator 
holding it out of line with the firing pin until 
desired time of arming when spring ection ro- 


12-4 ILLUSTRATION 


{n order to illustrate the application of 
some of these devices to fuze design, the func- 
tioning of an artillery fuze will be discussed 
in detail. Knowledge of the functioning sequence 
of this fuze is less important than an understand- 
ing of the operating, principles, 

This artillery tuze is a selective superquick or 
delay fuze. Either action can be obtained, prior 
to firing, by turning a setting screw in the side of 
the fuze. 

The fuze (Figure 12-7) consists of a head A 
which carries the superquick element B; a body 
which carries the delay element L; setting device 
and threads assembling the fuze to the booster; a 
flash tube G which forms a channel for the super- 
quick detonation aad holds the head in its proper 
position; and an aluminum ogive F which con- 
tinues the contour of the projectile ogive. 

As issued by the Ordnance Corps, the fuze is 
set for superquick action. It is readily set and 
reset for either superquick or delay action by a 
setting sleeve I which for superquick action per- 
mits the interrupter J to move to its armed 
position, or which for delay action retains the 
interrupter in its unarmed position during the 
flight. 

The setting sleeve is a cylindrical piece of 
brass with a slotted head and a central hole 
slightly larger than the diameter of the spring. 
The cylindrical piece contains a wide slot into 
which is fitted the spring and cup. Both the 
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tates the shutter to align detonator with firing 
pin and lead to booster. 

In addition to these mechanical safety devices, 
many electrical devices are used in guided mis- 
sile fuzes. Most missiles have electrical energy 
available for use in the guidance system; this 
energy can also be applied to the fuzing system. 
Safety devices in electrical fuzes will very often 
be of the type that interrupt an electrical circuit 
until activated. Among these are barometric 
switches, a bellows device which closes an 
electrical switch when ainbient pressure reaches 
a predetermined vaiue. Mechanical timing de- 
vices can also be used to close electrical circuits. 


OF DESIGN PRINCIPLES 


superquick and delay elements function on im- 
pact but, with a superquick setting, the faster 
action operates before the delay action, while 
with a delay setting, the superquick action is 
stopped at the interrupter. Where superquick 
action is desired, the setting sleeve is tumed so 
that the screwdriver slot is in line with “S.Q.” 
stamped on the ogive (slot parallel to longitudi- 
nal axis of fuze). When the slot :; in this position, 
the setting sleeve is turned so that only the spring 
cup is in contact with the interrupter, thus per- 
mitting centrifugal force to move the interrupter 
and spring cup outward against the action of the 
interrupter spring. For delay action, ‘i:e screw- 
driver slot in the setting sleeve is turned so as to 
be in line with the word “DELAY” stamped on 
the ogive (slot parallel to transverse axis of 
fuze). In this position, one of the legs at either 
side of the slotted poition of the setting sleeve 
overlaps the eccentrically located inten apter. 
The interrupter is thus retained in its unarmed or 
safe position during firing or flight. 

Three major parts within the head comprise 
the superquick impact mechanism of the fuze. 
A cavity in the forward end contains a firing pin 
D, shaped like a large headed tack, and a gilding 
metal cup C which acts as a support for the fir- 
ing pin. In a cavity below the point of the firing 
pin is the detonator assembly E. A washer holds 
the firing pin in place and a tinfoil closing disk 
seals the open end of the cavity to exclude foreign 
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A—Head 
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B— Superquick action 
C~Gilding-.netal cup i. 
O—Firing pin for SQ action : 

E— Detonator 

F— Ogive 
G—Flash tube 
H—Body _ 
I— Setting sleeve 

J— Interrupter 

K—Interrunter spring 

L— Delay plunger assembly 

M-—Firing pin for delay action 

N—Primer 

O-—Black powder delay pellet 

P-— Deluy-plunger pin lock 
Q—Plunger pins 7: 
R— Detonating relay charge 
S— Plunger suppoit 

T— Plunger body 





Fig. 12-7 M48A2 PD fuze. 


matter. The delay explosive train consists of a percus- 
The delay element L is contained in the rear sion primer N which is actuated by the delay 
of the fuze body. During transportation and firing yin M, a delay pellet of compressed biack 
firing, a plunger support S and centrifugal pins § powder O, and a relay pellet of lead azide R 
prevent the plunger body T, which carries the | which transforms the combustion of the delay 
. delay element, from contacting the phmger head _ pelle’ into a detonation. 
which carries the delay firing pin M. The centrif- There are various safety features: The firing 
ugal pins 2 and their springs are placed in the _ pin support C is so designed that it will not col- 
body, below the plunger support, in order to ‘lapse under the force of setback (but will col- 
limit the possible movement of the plunger body —_ lapse uader the force of impact) and supports 
until after the projectile has cleared the muzzle the firing pin D at a safe distance from the 
of the weapon. A plunger restraining spring detonator assembly E. 
: coiled about the plunger support between the The interrupter J, while in its unarmed posi- 
plunger head and the plunger body prevents tion closes the passage leading to the booster, 
Cc these elements from contacting each other due _ preventing superquick action in the event the 
i) to creep force during flight. superquick detonator functions prematurely. 


~ 
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The centrifngal pins Q, in conjunction with the 
plunger support S, prevent the delay firing pin M 
from contacting the delay’ primer N until after 
the projectile has cleared the muzzle of the 
weapon. 

The plunger restraining spring prevents the 
delay primer from contacting the delay firing 
pin as a result of creep force during flight. 

When set for superquick action (Figure 12- 
Sa), tke interrupter is permitted to move out- 
ward as soon as it may overcome the friction due 
to acceleration (the component of the setback 
force perpendicular to the inclined axis) and the 
force of the restraining spring. This occurs after 
the projectile has emerged from the muzzle. Im- 
fact with arth or water ruptures the clcsing disk 
and forces the firing pin to-the bottom of the 
cavity in the head. This action-crushes the sup- 
porting cup and permits tne point of the firing 
pin to penetrate the superquick detonator of lead 
azide priming mixture over lead azide. Impact 
with a resistant target such as concrete or stone 
will crush the head of the fuze with the same 
final effect. This action initiates a detonating 
wave which is free to pass direcily through the 
open flash channel of the fuze to the detonator 
of the booster, the latter being in the armed posi- 
tion. It should be rememoered that the delay 
firing pin also functions the delay element but, 
since the fuze is set for superquick action, the 
detonator of the booster functions prior to the 
completion of burning of the “elay pellet. 

When set fur delay action (Figure 12-8b), the 
interrupter is restrained from outward movement 
in flight and, consequently, prevents the explo- 
sive wave of the superquick detonator from 
passing down the flask channel. On setback, the 
plunger support contacts the shoulders of the 
centrifugal p‘as, thus preventing the plunger 
head and delay firing pin from contacting the 
plunger body and delay primer. Centrifugal 
force meves the two centrifugal pins to their 
outermost position, compressing the springs be- 
hind them as soon as linear acceleratiz:, has beer 
avercome. The delay element is fuliy armed 
about 3 to 5 fest beyond the muzzle of the 
wenpon. During flight, che plunger body and 
delay primer are prevented from contacting the 
plunger head and delay fring vin by means of 
the plunyer rectraining spring which surrounds 





the plunger suppor*. On impact or retardation 
(ricochet), the plunger body is forced by set- 
forward tc move forward in the cavity of the fuze 
bod, thus carrying the delay primer into con- 
tact with the delay firing pin. Flame from the 
primer ignites the delay pellet of compressed 
black powder which burns for 0.05 second and 
ignites a relay pellet of lead azide which trans- 
forms the combustion into a detonation which 
passes through an auxiliary flash channel into the 
main flash channel, and thence tu the detonator 
ce: the booster. 


12-4.1 BOOSTER, M21A4 


(See Figure 12-9.) The combination of the 
M48 sens fuze with the M21A4 booster provides 
a bore safe assembly since the rotor of the 
booster restrains its detonator out of line with 
the flash hole connecting tle detonator of the 
fuzes with the closing cup charge of the booster, 
and positively interrupts the channel until the 
projectile has cleared the muzzle of the weapon. 
The functioning cf the M21A4 is quite interest- 
ing. On setback, the centrifugal pin lock pin 
moves rearward against the pressure ot its spring, 
and it is then locked in its rearward position by 
centrifugal force which causes the end of the pin 
tu engage the projection on the centrifugal pin 
screw. When centrifugal force is great enough 
to overcome the trictional forces resulting from 
acceleration, the centrifugal pin is thrown out- 
ward releasing the rotor which contains a deto- 
nator of lead azide over tetryl. The rotor, upon 
being released, inoves by centrifugal force abour 
its pivot until it strikes the rotor stop pin, this 
being the armed position. This action is com- 
pleted when thie projectile has cleared the muzzle 
by from 3 to 5 feet. ™n the armed position, the 
booster detonator (in the rotor) is in the certer 
of the booster and thus in line with the tush 
channel of the fuze. To insure that the rotor 
will remain armed, it is locked in the armed po- 
sition during the remainder of its flight by the 
rotor lock pin which is thrown outward by 
centrifugal force into the hole closed by the body 
plug. During flight the rotor lock pin lock moves 
by cree firce behind che rotor iock pin and 
thereby restrains the latter from possibly moving 
u.ward. both these locking devices are con- 
tained within the rotor, the lock pin in a recess 
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A—Brass body 

D—Brass cover 
E—Onion-skin paper disk 
F— Rotor stop pin 


G—Detonator (lead azide- 
tetryl) 


H—Rotor 

l— Rotor lock pin 

J— Poror lock pin lock 
K— Centrifugal pin 

L— Rotor pivot pin 
M-Booster lead (tetryl) 
N—Booster cup 
O—Booster charge (fetryl) 


F—Centrifugal pin lock pin 


x 
Paes 
PMS 


Fig. 12-9 M21A4 boester. 


drilled into the side of the rotor, and the lock pin 
lock in a recess v.hich communicates with the 
recess for the lock pin drilled into the bottom of 
the rotor. Action of the fuze will now succes- 
sively explode the rctor detonator of lead azide 
and tetryl, the closin~ cup charge of veiryl, and 
the booster ;ellet of tetryl. 

The function ing of this fuze is typical of the 
fuzes usea with artillery, mostar, bomb, and 


small rocket fuzes. These types differ in that the 
various forces and effects are differently utilized 
depending upon the particular mission per- 
forned and the type of weapon from which the 
fuze is fired. For example, centrifugal force can- 
net be utilized in rounds which are net spin 
stabilized. For functioning of other specific 
fuzes, it is recommended that the reader consult 
TM$9-1901, Artillery Ammunitio.2. 
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12-5 THE RADIO PROXIMITY FUZE 


For certain targets, such as exposed personne] 
and aircraft in flight, it is desirable to have a 
projectile burst near, but before actual contact 
with the target. Such a burst will permit better 
dispersal of fragments, thus giving a great in- 
crease in the effective area of the purst. The 
desirability of air bursts led to the early develop- 
ment of time fuzes, which were designed to func- 
tion after a preset time and, it was hoped, explode 
the missile in the immediate vicinity of the tar- 
get. Time fuzes (whether mechanical or powder 
train) could not be made which would perfc-m 
regularly with the split second accuracy required 
to knock a plane from the sky, or to cause bursts 
at the exact height above an enemy infantry 
position whic’ woul. inflict the maximum num- 
ber of casualties. For many years, the artillery- 
man’s dream was to have a fuze available that 
would, at an optimu:n distance from the target, 
give the most effective burst possible for the par- 
ticalas round. Fuzes of this type, which func- 
ton as they approach the target, are called 
proximity fuzes, and mi:itary scientists have long 
been working on their development. 

The great problem of how to get the fuze to 
sons. the target has been attacked in many ways. 
Among the principles upon which experiments 
have ucen based are radar, radio, acoustic prox- 
imity, electromagnetic proximity, electrostatic 
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proximity, and pl «*o-lectric cells, 

Reseach is still teing conducted to perfect 
fuzes using all of these proximity agents, but 
the only successful proximity fuze produced to 
date is the radio proximity ‘ze. This fuze first 
became available to U.S. and Allied Forces dur- 
ing World War II. 


The radio proximity fuzes so far developed 
ar all generally similar in that they have cor- 
res onding elements. The differences involve 
su’. factors as size, shape, detailed circuitry, 
ai. the types of safety devices and electric 
power supply employed. The basic comporients 
are (Figure 32-10): 


(a) A radio transmitter and receiver com- 
posed of subminiature vacuum tubes, which in 
the case of artillery fuzes must be rugged enough 
to withstand accelerations of 20,000 g’s when 
fired. It is believed that trance‘stors and printed 
circuits will be very useful in newer fuzes for 
this category of componcnt. 

(b) A selective amplifier. 

(c) An electronic switch. 

(d) A miniature battery or generator to pro- 
vide electrical power. 

{e) Safety devices to prevent operation of the 
fuze during storage and handling, and until it 
has travei-d a safe distance after firing. 





THYAATRON L DETONA OOS. 
HIRING CIRSU/T fi ree ad ase 


ELECTAYC SAFETY 


OUT OF LINE POWOER TRAI/', 
MECHANICAL SAFETY 


Fig. 12-10 Block diagram of typical VT fuze system. 
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12-8.1 PUNCTIONING OF A TYPICAL 
ROCKET OR FOMB VT FUZE 

The radio proximity fuze is a fine example of 
the application of basic principles (in this in- 
stance electronics and radio) to the solution of 
& problem generatea in the field of terminal bal- 
Ustics. To illustrate tnis, the operation of a typi- 
cal proximity fuze vzi!t be discussed. 

The projectile itself serves as the transmitting 
and receiving antenna. Tue fuze circuit is indi- 
cated schematically by the block diagram which 
shows functionally the various assemblies ‘hat 
comprise a fuze (see Figure 12-10). 

When the projectile is fired the power supply 
is activated. 

In general, two types of powev supplies are 
employed. 

(a) Artillery projectiles use a wet cell elec- 
tzolytic battery for power. ihe electrolyte is 
contained ‘n a glass ampoule which is shattered 
oh setback. Cenirifugal force causes the electro- 
lyte to be distributed among the plates of the 
battery so that the battery becomes activated. 

(b) In bombs and some nonrotating projec- 
tiles, wind dsiven generators are used to supply 
power (Figure 12-11). 

Within a fraction of < second after launch 
the fuze circuit warms uy and al! transients die 
out so that the fuze is ready for operation by 
the time the safs distance has been traversed and 
arming is completed. 

The remuinder of the operation can best be 
understood by first considering in more detail 
what goes on outside the fuze, and then the re- 
sulting sequence of internal operations. 


12-8.2 EXTERNAL PHENOMENA 


To consider what goes on outside, suppose that 
the fuze has come close enough ‘o its target to 
receive appreciable reflection. The current in 
the antenna sonds out a continuous wave; part 
is reflected back and sets up a small voltage in 
the antenna which is proportional to the an- 
tenra current but not necessarily in phase with 
it. Thus the presence of the reflectixg targe* has 
the efvect of changing the antenna impedance 
by an amount Z such that 








Za! 
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where / is the antenna current and ¢ is the volt- 
age due to the reflected radiation. As the dis- 
tance to the rarget decreases, two things happen: 
(1) The size of e increases as the reflection gets 
stronger; and (2) The phase between e and I 
changes by 180° each time the distance is re- 
duced by a quarte. wave length. 

A simple vector picture shows what goes on 
as the fuze wpr-oaches the target. 

In Figure 12-12, Z, represents the autenna in- 
put impedance (usuzlly vesistive as the antenna 
is tuned to resouance ) when there are no reflec- 
tors near by. Z represents the impejance due to 
the reflector. As the fuze approaches the target 
the end of Z traces out a spiral shown by the 
dotted curve. The total antenna impedance Z, 
thus varies periodically from minimum (point 
A) to maximum (point B) goixg through one 
cycle each time the path shortens by A/2. If the 
velocity of the fuze toward the target along the 
line joining them is v, then 
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where f is the rctational frequency of Z, and A 
is the wave length of the transmitted signal. 
This has been called the Doppler frequency 
since the same answer is obtained if difference 
between transmitted frequency and received fre- 
quency is calculated taking account of motion 
of fuze and target. 

Figure }2-13 represents the situation when a 
projectile passes a target. The dotted curve 
plotted elong th: trajectory represents the re- 
sistance component of Z, at each point as the 
projectile tnoves along. This is an idealized 
curve simplified for clarity. The actual wave is 
much more complicated. 

It can be shown that 

om V. sind 

fa eet 
vhere ¢ is the velocity of closing between pro- 
jectile and iarget and V, is Gie speed of the 
projectile in & coordinate system attachad to ihe 
target. Thus, i the fuze approaches the targe: 
the size of Z rows rapidly because the distance 


12-14 














BEES Mien ete ee ee ae ie A Re gee 7 aoe eB ates oo, bar) tse Saw ene eae econ 


. 


cae i Aa La) DG eRe. MAREE 2 


] 

a 

E 

: g 

: g 
|) : my 

nd 5 

£ 

7 


SEAT, A age eapUe ET, BRA ER © + 


Fig. 12-17 Ri 


Me oe Cie Deer memes 


apoE RIE 


SARE eos oe oa 

















Gite OU mam es et ete ae em Oran arma 


aera ererenenete anaes te ne LTT TL ATCC TIT 


WEAPON SYSTEMS AND COMPONENTS 





shortens and the directivity improves. Aiso the 
rotation of Z slows down from the value: 
25 


f— os 


r 
at large distances to the value 

f=0 
at the instant when @ = vu. 

To sur up, the characteristics of Z are: rapidly 
growing amplitude and rapidly falling frequency 
as the fuze approaches, and the reverse as it 
Passes beyond the targ.t. 


12-5.3 INTERNAL ACTION 


With the above informacion the internal ac- 
tion of the fuze can now be exaiained in some 
detail: 


12-5.4 RADIO FREQUENCY SECTION 


When the effe-¢ of the reflecting tarvet is ex- 
pressed as a change of antenna impedance in the 
manner outlined above, it is easy to see how « 
single tube can perform the three following func- 
tions. 


/ 
PROJECTILE / RESISTANCE 
me COMPONENT J---*._ 
et ON OF Zz ea | _ 
~~ e - = co - 
* a TRAJECTORY 





Fig. 12-13 Variations of Z in neighburhood of a target. 
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Transmit CW 

Receive the reflected signal 

Separate the low frequency component 

All that (ho transmitting, tube sees is a variable 
load which changes periodically from increased 
resistance, to increased reactance, to decreased 
reactance, to decreased resistance. Assume that 
the oscillator is tightly coupied to the anteana 
via its plate circuit: The small reactance chanyes 
will alter the frequency of oscillation siichtly 
with but little efect on oscillator perfor:aance, 





eed 


Fig. 12-12 Change of antenna impedance as 
fuze approaches the target. 
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and the detected output voltage will have in it 
an alternating component 
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This cap he separated and used as a wor'ciny’ 
signal. . 

The RF circuit problem boils down to a prob- 
Jem of designing an oscillator which can work 
effectively into a very wide csange of radiation 
resistances and res“ond to very small changes in 
them. Such an oscillator was found to be plausi- 
ble and is eniployed in VT fuzes. 


12-5.5 AMPLIFIER CIRCUIT 


Since the signal from the radio frequency sec- 
tions is ton small to actuate a firing cevice di- 
rectly, it is nec*::ary to amplify ‘t. ‘:he primary 
fuacioa of the smePSer i ts magnity this sig- 
nal until it es -¢!!a.+y operate a. thyrat.on firing 
tube. The umplh:fier performs important seconc- 
ary functions however: By shaping its gain char- 
acteristic properly it assists the divectivity pattern 
in properly locating the point of burst; it sup- 
presses much of the tube microphonic noise; and 
by proper design it suppresses hum from AC 
operation of the tub: filaments. 

The frequency of maxiraum gain is selected by 
trial to give proper burst location. As the fuze 
approaches the target, the freqrency frst re- 
ceived is toe high and the gain is small. When 
it gets closer the output of the amplifier grows 
because (a) the distance is 1ess and input signal 
is greater; (b) becavse the target is ia a better 
fosition to be seen and tre input signal is greater, 
and (c) because the frequency is lower and the 
gain higher. All three factors combine to give a 
very steeply rising arnplifier output. Ii. effect, 
the contribution of all factors makes the regicn 
of influence around the fuze much more sharply 
defined than the directivity envelope aloue would 
indicate. 










































12-3. FIRING CECUIT 


The fuze functions and bursts the protectile 
when the output from the ainplifier increase: be- 
yond a certain critical value. The vacuum: tube 
in the fring circuit /s a small thycatron deveioped 
for the purpose. It wil} be sememberec that a 
thyratron is a gas Blled triode. Wher. the grid of 
a thyratron is biased below cutu¥, the tude will 
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not conduct. If a positive potential of suiicient 
magnitude is applied to th2 grid, the gas in the 
tube ionizes and conduction begins. Unlike a 
vacuum triode, however, plate current is not pro- 
portional to further increases in grid voltage. 
Instead, when conduction bey’ns, a heavy plate 
current will flow and the thyratron tube becomes 
a virtual short circuit. The thyratron in the VT 
fuze is hiased to the proper level so that the 
burst will be properly located. This bias is de- 
termined by expezimentation. 

The actua! detonation is started by cischarg- 
ing a small condenser through the thyratron to 
an electric detonator similar to a blasting cap. 
The cap sets off the pewder train which in .um 
sets off the booster which detonates the mair 
charge. The time from firing pulse on the thyra- 
tron until the fragments start leaving the «,ro- 
jectile is about one millisecond, during vvhich 
time the projectile moves very little. 

Small though it is the thyratron passes ‘ery 
iarge peak current and can do so many times 
before its cheracteristics begin to change. This 
allows proper testing in the fuze factory. The 
power supply is net capable of passing current 
enough to fire tie electric detonator. It is the 
high instantaneous surge from the final filter 
condenser that supplies the energy. 


12-3.7 ELECTRICAL SAFETY DEVICES 


All VT fuzes have several electrical safety de- 
vices which prevent their premature operation 
upon firing or if handled roughly. Some of 
these, which vary with the type of fuze, are 
listed below: 

(a) Rattery activation for actillery fuzes. This 
element of safety is provided by the time and 
means required to activate the battery as dis- 
cassed in Par. 12-15.1. 

(b) Resistor-condenser time. ‘The current ds- 
veloped oy the Lattcry or geacrator flows through 
the firing circuit where ancther safety feature is 
provid: i by a resisto: and condenser combina- 
tion. The passage of current is restricted by a 
fixed resistance in its Bow into & condenser of 
kn an capacity. The time required for the con- 
denser to reach ‘ts firing potentlal provides a 
mean: of dstennisi.¢ arbitrarily the minimum 
arming time of the fuze. This time is spprori- 
mately 0.3 second for standard antieircraft ar- 
tillery and aprroxim:tely 1.0 second for Seld 
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C—Plastic ogive 
D—Radio assembly 

E— Shield can 

F— Fuze base 

G—Battery plates 
H—Electrolyte ampoule 
I— Ampoule support 

J— Self destruction switch 
L— Electric squib 
M—Auxiliary detonator ussembl, 
N--Booster 

O-~Rear fitting 
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Fig. 12-14 Artillery VT fuze. 


artillery fuzes. 

(c) Self-destruction switch, (for antiaircraft). 
This is a closed switch placed in the circuit to 
short circuit the thyratron tube which acts as a 
firing switch; it also serves to drain the condenser 
of any voltage set up during handling and ship- 
ping. Centrifugal force causes the switch to open 
and remain open as long as rotational velocity is 


high enough. When rotational velocity drops to 
a certain predetermined level, the switch closes 
again, short circuiting the thyratron tube and 
exploding the round. 

(d) Rear fitting (arming mechanism), Part 
ofthe arming mechanism short circuits the elec- 
tric prirser (squib) and also removes it from 
the vest of the firmg circuit, This short provides 
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Fig. 12-15 Directional sensitivity putierns. 


a path for the fiow of current around the primer | 


during handling and for about a second after 
the round has teen fired from the weapon. lt 
is also constructed so that centrifugal force is 
necessary to cause the rear fitting to operate. 

In addition to special electrical safety devices, 
VT fuzes include mechanical safety features com- 
parable to those found in regular artillery fuzes. 
Interrupters are safety devices located in the 
auxiliary detonator. Each consists of two rotors 
or plates which, when unarmed, are locked in 
position ever the detonator, one covering each 
end of the detonator. These provide detonator 
safety in the fuze. 

An impact element is used in antiaircraft and 
ground artillery VT fuzes. It is designed to func- 
tion the round on impact when the radio section 
fails to operate normally. 


12-5.8 GENERAL CHARACTERISTICS 


A projectile or bomb must burst at a certain 
distance from the target for the ensuing blast 
and fragr.ents to be of maximum effect. The 
burst distance will vary slightly since it is a func- 
tion of the angle of approach to the target, whici 
in turn depends on the shape ard location of the 
field of sensitivity of the VI fuze. With this 
phenomenon in mind, the burst distance may be 
varied by varying the antenna type used (Fig- 
ure 12-15) and/or the angle of approach of the 
missile for the sare target. 


Figure 12-15 shows antenna directivity pat- 
terns for two common types of antennas. These 
directivity patterns are actually figures of revo- 
lution about the axis of the proiectile. In actual 
practice, there is an effective directivity pattern 
for 2 VI fuze somsvhat different from that 
shown. It will be recalled that the detected 
Dopple: frequency is amplified to provide the 
firing signal. As the velocity of closing between 
missile and target changes, the Doppler fre- 
quency changes. The amplifier can be made to 
have a very high gain at a particular frequency; 
for othe: frequencies its gain will be lower. 
Thus, the point of burst can be more closely con- 
trolled than would be indicated by the direc- 
tivity envelope above. If a series of targets 
moves past the fuze at different distances and 
points of burst are plotted, the shaded area of 
Figure 12-16 would actually describe the re- 
gion of influence. 

For ground artillery fire, it can be seen from 
Figure 12-15a that burst height is controlled to 
a certain extent by angle of fall of the projectile. 
For the type of antenna illustrated in Figure 12- 
15a, a steeper angle of fall will give a lower 
height of burst. 

The burst height may also be influenced by 
characteristics of the target itself, such as the 
degree of moisture contained in the turget area, 
ranging from low burs: height for dry soil tar- 
gets to maximum burst height over a watery 
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Fig. 12-16 Relation between directivity envelope 
and burst surface. 


‘target. If the target area is wooded, especially 
‘with deciduous trees (trees which have broad 
teaves), the burst height may be increased as 
much as the height of the trees themselves, de- 
pending on the density of the woods. Some tar- 
get materials, such »s tow target sleeves, may 
reflect waves of sucn low amplitude th=t the 
‘fuze fails to function the round cn the target. 
VT fuzes are useful wherever air bursts are de- 
sired, but cannot be used against many types of 
targets. They are extremely effective aga’ st per- 
sonnel in uncovered positions, since bursts oc- 
curring overhead will reach even into foxholes. 
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They are also extremely usefu! against light ma- 
teriel such as aircraft or trucks. Hcwever, they 
are not effective against arzarred vehicles or 
against any target where penetztion before 
bursting is desired. 

Early model VT fuzes were armed as soon as 
the electrical safety delz:'s had completed their 
operation. This resulted in many «arly bursts 
from low, dense cloud formations, hill masses 
over which the projectile passed within burst 
height, or other objects within bursting radius. 
This condition was dangerous in many cases and 
led to the devzlopment of controlled arming 
(CVT) proximity fuzes. All VT fuzes being pro- 
duced today are of the CVT type. There are in 
general, two types of CVT fuzes: 

(a) The bracket arming type fuze is for use 
against airporne targets. At (predicted time-to- 
target) settiags greater than 3 seconds, the VT 
element of the fuze becomes armed at approxi- 
mately 2 seconds prior to the set time and will 
then detonate the shell upon proximity approach 
(within approximately 60 feet) of a suitable air- 
borne target. If no suitable target is encountered, 
the fuze will detonate tke shell at approximately 
2 seconds after the set time. The impact ele- 
ment will cause the fuze to function with super- 
quick action. 

(b) The adjustable delay arming type fuze 
is for use against terestrial targets. These fuzes 
are totally inoperative (for safety reasons) for 
2 seconds after firing. The VT fuze element be- 
comes armed approximately 3 seconds prior to 
the set time and will function on proximity ap- 
proach ‘to any land or water mass. The impact 
element becomes armed 2 seconds after firing, 
tegardiess of setting and remains armed until 
the fuze detonates. 


12-6 FUZES FOR GUIDED MISSILES 


The fuzing requirement for guided missiles is 
basically the same as for smailer projectiles. The 
missile must be safe to handle and the fuze must 
initiate detonation with a high degree of re- 
liability. In fact, reliability for guided missile 
fuzes must be even greater than for artillery or 
high explosive bomb fuzes, since the cost of 


these missiles is great and they may carry nuclear 
warheads. At the same time, the probability of 
a premature burst must oe cut to a very low fig- 
ure since *he premature explosior: of a nuclear 
warheacd would be far more disastrous than 
would the premature explosion of a high ex- 
plosive warhead. The probability ot premature 
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arming can be reduced by using three similar 
arming devices and requiring that all be armed 
before fuze functioning is possible. This, how- 
ever, will also reduce the reliability of arming 
at the proper time. In effect, each individual 
arming device must be manufactured so that its 
arming reliability is very high in order to ob- 
tain sufficient overall arming prubability. Alterna- 
tively, an additional arming element (<cnsisting 
of three devices) of the same t, . can be utilized 
such that arming will be accomplished if either 
system arms. In this way probability of proper 
functioning can be increased while probability 
of improper functioning is decreased. This re- 
dundancy of fuzing is possible ia large missiles 
because space restrictions are not nearly so acute 
as in smaller projectiles. The actual fuzing sys- 
tem may differ considerably in detail from 
smaller, self-contained fuzes; however, the same 
basic forces are utilized and the same basic prir- 
ciples apply in obtaining fuze operation. Many 





missile fuzes employ a radio proximity fuze for 
the detonation signal. However. to control burst 
height more closely; io avoid counter-1easures; 
and to assure that the missile is over the proper 
target, more complex circuitry is required. 

In some missiles employing 2 command guid- 
ance system, thr fuze is closely integrated with 
the guidance, and the actual fire signal is trans- 
mitted from the ground station when the proper 
intercept point is reached. In this case, the 
safety and arming devices will be in the missile, 
but the safety and arming signals may come from 
the ground control as does the fire signal. 

In general, there is no standard missile fuze 
as is the case with some general purpose artiilery 
fuzes. Instead, the fuze becomes part of the 
weapon system and is designed especially to 
suit the needs of that system. 
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APPENDIX A 
GUN TUBE CONSTRUCTION 


A-1 SELECTION OF METHOD 


The primary objectives of gun design and con- 
struction ere as follows: 

(a) Increase muzzle velocity 

(bd) Increase rate of fire 

‘c) Increase life of barrel 

(d) Reduce weight, especially for airborne 
uses 

(e) Make guns big and flexit'>, yet use exist- 
ing transporters 

In achieving such objectives, the selection of 


the method of gun construction must involve the 
detailed coynizance and appreciation of the fol- 
lowing factors: 


(a) Availability of facilities 

(b) Economy in raw materials 

(c) Rate of production 

(d) Adaptability to mass production 
(e) Availabitity of Jabor 

(£) Cost 


A-2 SHAPING THE TUBE 


From early days chrough the Civil War prac- 
tically all cannon weve made by the time honored 
methed of casting At first iron was used then 
brass and bronze, ad finally steel. Strength was 
increased by simply adding more metal to obtain 
greater wall thickness. Tien in the latter part 
of the 19th century the process of hot-working 
large pieces came into use and guns, single-tube 
and built-up, were made Ly forging. The de- 
mand for stronger yet lighter guas provided initial 
impetus to the development of fine steels, not 
only as to composition of the metal but also as 
to its heat treatment. Specifications were high 
and the processing was relatively slow so that 
production was limited; costs too were high as 
was usage of critical materials. 

This situation was clearly realized during the 
period between World War I and World War 
tI, and much experimentation was done to de- 
vise new methods of gun construction. Out of 
this developmental work came the new produc- 
tion methods for making monobloc tubes by 
centrifugal casting, and processes similar to those 
used in producing seamless steel tubing. In any 
vc\nine production program small and medium 
caliber guns will be produced by one or both 
of these processes in addition to those produced 
by forging. The comparatively few -arge caliber 





guns wili probably still be made by forging. 
Centrifugal casting of tubes can be used in 
volume pxuductioa for cannon up to and includ- 
ing the 90-mm gun and the 105-mm howitzer. 
This process (Figure A-1) involves pouring mol- 
ten metal (alloy steel) into a cast iron chill mold 
as it is rotated in a horizontal position at speeds 
from 900 to 1750 rpm. The centrifugal force 
causes the metal to take the shape of the mold 
(a conical section) as it solidifies; impurities 
move toward the center and can be bored out. 
After about 10 to 25 minutes, when the casting 


casting is pushed out of the mold and buried in 
cinders to cool for up to 48 hours. Normalizing, 
quenching, tempering, turning and boring of the 
tube, and cold working (autofrettage) follow in 
that order. Since the centrifugal casting of long 
heavy wall sections, such as are required in gun 
tubes, has not found a commercial application, 
the goveinment has maintained stand-by plants 
for the manufacture of these important items. 
This insures volume pruduction of medium cali- 
ber canrcn early in an emergency. 

The other recently perfected method consists 
of producing gun tubes from seamless steel tub- 
ing. This process involves heating a steel bar of 
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Fig. A-1 


gun tube size, piercing it, and upsetting the 
breech end (if a heavy breech section is re- 
quired). Piercing hot w.rks the metal as in 
forging. Proof tests of such tubes are comparuble 
to guns made by conventional methods. Mauy 
40-mm and 75-mm tubes were produced from 
seamless tubing duri.g the war. With this method 
large quantities of gun tubes could be produced 
without the necessity for extra bioom heating 
and forging capacity: existing rolling and pierc- 
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The advantages, in weight saving and higher 
permissible powder pressur2s, of having the in- 
ner fibers of a gun tube un‘er an initia! tan- 
gentia! compressive stress, have already been 
discussed. An early methoa of achieving this 
was to wrap wire under tension around the gun 
tube. This method is now obsolete for large 
guns, since inadequate longitudinal strength 
caused drooping of the tube and greater whip 
action under the firing stresses. Rocket launch- 
ers were wire wrapped around the portion where 
maximum pressure occurred. 

The next method used was to ouild up a gun 
by shrinking one or more cylinders, called jackets 
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Centrifugal casting. 


ing mills can be utilized entirely in this process. 
Piercing (Figure A-2) takes 15 seconds con- 
trasted to 6 hours for the former forging and 
drilling operation. The upsetting of the breech 
takes 5 seconds and eliminates the need for ma- 
chining, casting, or forging th: breech from a 
bar of breech cliameter, and moie than 5 hours 
productior time can be saved in boring the tube. 
The saving of sctap or waste metal is aiso rea:lily 
apparent. 


ASSEMBLY AND STRENGTHENING OF COMPLETE TUBE 


or hoops, around a gun tube. Guns from 6 to 
18 inches in caliber were made in this manner. 
The 280-mm gun tube now being produced is 
built up. The inside of the jacket is made slightly 
smaller than the outside diameter of the tube. 
The jacket is expandec y heat until it fits over 
the tube. Then, as it is cooled, the jacket shrinks 
into place, putting the tube into a state of com- 
pression and in ef :ct increasing the strength of 
the gun. It may be seen t} ° the tolerances be- 
tween jacket and tube necessitate highly accurate 
machining of both contacting surfaces. Jackets 
were formerly heated by electrical elements and 
required approximately 17 hours to reach the 
necessary temperature (Figure A-3). Recent 
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Fig. A-2 Piercing operation in making heavy gun tubes from seamless tubing 
(courtesy Timken Roller Bearing Company). 


studies indicate that this heating can be accom- 
plished by induction heating in about one hour. 

With guns of smaller caliber where lower 
powcer pressures are permissible, monobloc or 
one piece coustruction is used, including various 
heat treating and cold-working processes. Grins 
of up to 8-inch caliber may be made in this man- 
ner, starting with the tube forged, centrifugally 
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cast, or made from scamless tubing. 

With such « monobloc construction the cold 
working or self hooping prccess may be em- 
ployed, in which the interior portion of the tube 
is hydraulically stressed, witaout being heated, 
beyond its el:stic limit. The outer fibers of the 
tube then act like a hoop or jacket in tangentially 
compressing the inner portion. This process was 
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Fig, A-3 16-inch gun after shrinkage of B hoop in electrically heated pit 
at Watervliet Arsenal. 


first applied to small arms barrels by firing a 
proof cartridge which produced a pressure of 
about 1.75 times the pressure of a service car 
tridge. 

The distribution of the st-esses in the walls of 
a cylinder, during the app:cation of cold-work- 
ing pressure, cannot be computed by the usual 
equations which apply only belew the elastic 
iimit. The stress distribution, however, can be 
closely approximated from special measurements 
showing the strains existing at various radii, and 
from the new elastic limit found in samples taken 
from various sections cf the wall. 





In applying this cold working process to can- 
non tubes the tube is placed in a centainer ( Fig- 
ure A-4), the interior of which has the shape and 
dimensions recuired for the gun after its bore 
is permanently enlarged by hydraulic pressure. 
A pressure of 44,000 to 100,000 psi is normally 
required to produce a 6% enlargement of the bore 
and a 40% increase cf the proportional limit of 
the gun metal. The autofretted tube must be 
machined to finished dimensions. Removal of 
meta! from the bore and from the exterior affects 
tne residual stress condition, decreasing the bene- 
fits to some extent. 
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GUN TUBE CONSTRUCTION 


Additional considerations should be Aiscussed 
which affect this cold-working process. During 
the war improved heat treating and better alfoys 
gave physical characteristics far above tnose ob- 
tained from eartier alloy stcels even after cold- 
working. As a: .xample, a tensile strength of 
150,000 psi was obtained on the 72-mm aircraft 
cannon without cold-working. This increase may 
be attributed directly to improvements of metal- 
lurgy. Manufacturing difficulties in cold-working 
also enter the problem. A cold-worked gun must 
be finished to a fine degree in order to be readily 
removable from the cold-work chamber. Cold- 
working is a severe test of meta), and the occur- 
rence of soft spots after cold-working is rather 
frequent. Satisfactory equipment to build up the 
high pressure required and successfully transmit 
this pressure from the pumps to the bore of tne 
tube is limited by the strength of the materials. 
The shortage of cold-working facilities detracts 
from the more obvious advantages of the process. 
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Fig. A-4 Partial layout of coid-working equipment. 


A-4 BORING PROCESS 


The finishing of guns involves various machin- 
ing processes performed on the steel forgings, 
centrifugal castings, or seamless tubes. While 
the fundamental principles of ordinary machin- 
ing are used, in these applications they represent 
especially engineered adaptations and techniques 
developed over a long period of tims ‘n various 
ordnance factories. Considering that it is not at 
all unusual for one of these gun tubes, which in 
the finished state may cost several thousand dol- 
lars, to be scrapped after finish-boring definite 
techniques of manufacturing con: o! inust be 
adopted. 

Natural'y, all built up guns regui:c more ¢x- 
tensive machining operations since before the 
assembly of two members the cuter me:nber is 
finished to include step boring (Figure A-5) and 
taper reaming of the interior, and the innes mem- 
ber to include fnish-grinding of the exterior. The 
processes involved are similar for both smal! 
arms and cannon tubes except that fcr sinall arms 
the boring may be erformesi in a single pass of 
the tool. 

Rough boring is done ir an engine lathe, using 


AS 


a triangular cz arrow shaped ioo' to open the 
kore, and a wood packed bit (Figure A-6) or 
series of such tools, to enlarge the bore. The tools 
cut from both e.ids of the tube toward the -en- 
ter in order to minimize errors caused by long 
tocl travel. When the inner diameters of outer 
members are to be tapered from wreech to muz- 
zle to facilitate assembiy, the operation consists 
first of cutting a series of cylindrical zones, 
progressively smaller iu diameter. This step-bor- 
ing is performed with pucked bits. A series of 
tapered reamers, including reughing and finish- 
ing sets, is then used to blend the various zones 
into a continuous conical surface of the desired 
accuracy and finish. 

Finish-boring is performed or the bore after 
the «s-embly of tube and jacket is complete or, 
in monobloc gins, after all exterior work has 
been performed This operation is performed 
entirely from the breech end. ‘The powder cham- 
ber is then bored te size an." shape and finished 
b= the use of special rough and fivishing reamers 
vhich conform to the prescribe’ size and con- 
‘our of the chamber. 
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Fig. A-5 Mod.! showing boring operation. 





Fig. A-6 Packed bit. 


A-5 HONING 


The generation of gun bores from solid steel 
forgir.gs or even hollow tubes is a slow and costly 
process. With a feed of 6 to 12 inches per hour 
for a finish boring operation in a bore of 4.5 
inches in diameter by 17 feet long, approximately 
20 to 80 hours operating “me per cut is required. 
The honing operation has contributed important 
alteration.: in the finish processing of gun tubes. 
Several installations have been made where it 
has been demonstrated that honing can follow at 
least a semifinish-boring operation, removing 


considerable stock in a small fraction of the time 
formerly required. 

In one recent test, hydraulically actuated hon- 
ing tools were used t» hone a rough bored gun 
tube in 2.5 hours to an accuracy of 0.0005 in. 
The final surface finish was completed in 10 
minutes with the removal of 0.0006 in. The older 
proces: uv finish-lapping would have requires 
several days. The iatest type of equipment de- 
veloped for honing large caliber guns is shown 
in Figure A-7. 
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For cutting rifling grooves two methods may 

be employed: The tool room or pilot lot method 

requires a special rifling machine similar to a 

gun lathe but without headstock or turning car- 

riage (Figure A-8). The vifling bar is fed longi- 

< tudinally by a motor at the tailstock end of the 
machine. Twist of the rifling is controllea by 

either an adjustable rail which conforms tu the 

A developed form of the rifling, or by a groove cut 
inte the bar which contacts a key at the forward 

bar support. The rifling head at the end of the 

bar consists of a body with a shank for attach- 

ment to the r-achine and a sleeve which con- 

forms closely to the finished bore of the gun. 

Guile grooves are provided in the forward end 

of the body for the support and accurate spacing 

of the cutters, any number of which can be used. 

a A tapered plug inside the head holds the end of 
each cutter und provides the means for their 
radial adjustment outward for each cut. When 
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Fig. A-7 Large caliber gun hone. 


A-6 RIFLING METHODS 


one set of grooves is completely finished, the 
bar of the machine is rotated for succeeding 
grooves. Cutters must be able to cut the entire 
length of the Sore without losing sharpness or 
varying the depth of cut. At least three cuts 
must be made to finish each rifling groove com- 
pletely. 

In order to elimiaate the obvious disadvan- 
tages of rifling cutters, especially the great time 
involved, a rew producton meinod has lately 
been emploved, nameiy broaching. When used 
for the rifling of small arms, a yang broach | Fig- 
ure A-9) is e;nploved. This tool; with each in- 
dividual cutter of slightly greater diameter than’ 
the preceding, is pulled through the gun tube 
and in two passes completes the rifling operation, 
The time and expense saved is considerable. Be- 
-fore the rifling broach was used, the cost of rifling 
a cal. .30 barrel was 17 cents. With the broach 
meshod the cust is 11 cents, including the cort 
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Fig. A-9 Smaii arms gang broach in use 
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Fig. A-10 Series of rifling broaches. 


of the brcach. A rifling broach with tungsten 
cerbide cutters for the rifling of stellite liners is 
currently urder development. 

Where broachirg is employed in cannon tubes, 
large individual broaches must be employed 
(Figure A-10) Each such broach is of different 
size and must 5e changed after each pass of the 
tool. Successively larger broaches are used until 
the required groove depth is reached. Chatter is 
not entirely avoic'able when broaching the rifling 
grooves in mediun caliber tubes. Usually such 
imperfections are not more than 0.0005 inches 
deep and are not of sufficient importance to cause 
rejection, however, in order to provide the high- 
est quality in fightig materiel, honing of the 
rifling grooves is cmployed. For rifling with in- 
creasing twist a specia. honing tool must be used 
in which the stone car*‘ers are free to rotate, al- 
lowing the stones to pivot with the change in 
helix angie. 

A brief descr'ption of a recent radical metho? 
of small arms riiting is in cider at this point. In 
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the case of the Carbine, Cal. .30, M1, the button 
method of rifling has been used with remarkable 
success. It consists primarily of cold swaging 
the grouves into the specia!ly prepared bore of a 
barrel blank. This is done by forcing the putton 
of very high grade tool stee) (Figure A-11) 
through the bore by means of a hydraulic ram. 
The barrel blank is drilled and reamed to a pre- 
determined diameter which is ~ifficiently below 
the desired bore diameter to allow for a result- 
ing increase in diameter due to expansion which 
takes place during the swaging operation. The 
wall thickness is very important since a thin wall 
will allow the button to expand the blank too 
readily and an insufficient groove depth will 
result. To decrease ‘ne friction between the but- 
ton and the bore, cuprer plating is applied to 
the bore for lubrication. No metal is removed 
as the button is passed through the Dore; metal 
is mercly displaced, resulting in an increase of 
the outsice diameter. The twist of the rifling is 
achieved by the groove element of the button 
which automatically causes the button to rotate 
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Fig. A-1] 


the proper amount. The slightly raised edges 
along the corners of each land are iroued smooth 
again by the third element of the button. Such 
cold--vorking causes a slight increase in the 








Rifling button. 


hardness and should improve the wear resistance 
characteristics of the barrel. Only one puss of 
the machine is required to produce the finished 
riffiaig. 


A-7 TAPERED-BORE GUNS 


The various considerations of gun construc- 
Hon which have already been discussed in this 
chapter presen’ a somewhat different problem 
when applied to guns employing the tapered- 
bore principle. A good example of a tapered-bore 
(or Gerlich principle) gun is the German 28/20 


Pak antitank gun whose bore tapers froin 28 mm 
at the breech end to 20 .nm at the muzzle. The 
tapering of the bore is not uniform. Beginning 
at the origin of the riffing, at the breech end the 
bore is cylindrical for the first 18 inches. The 
next 9 inches of the barrel has a rapid taper uf 
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022 in./l in. The taper of the last 23 inches of 
the tube decreases to .002 in./1 in. The pitcn 
of the rifling is not uniform. During its travel 
through the Lore the projectile is swaged into a 
smaller diameter, improving vbturation of the 
pcwder gases but increasing the energy needed 
to squeeze the bullet through the tapered bore. 
The projectile referred to achieved a muzzle ve- 
locity of 4600 ft/sec, but loses about 40% of its 


kinetic energy in 300 yards, whereas the Ameri- 
can 20-mm AP-T shot M95, with # isuzzle ve- 
locity ot 2800 ft/sec, loses only 28% of its energy 
in 300 yards. 

From the viewpoint of 2 gun manufacturer, 
such a gum presents special problems. The 
tapered boring and reaming of ihe tube is very 
complicated: The rifling of the tube is also diff- 
cult and costly in time and expense involved. 


A-8 EROSION PROBLEMS 


As the demand for lighter, yet longer range 
or higher velocity weapons increases it should 
be apparent that the problem of gun tube erosion 
must receive increased attention. Cooperation 
from troops must be obtained, 1a such ways as 
‘imiting the rate of fire to the minimum re- 
uired to accomplish the tactical mission in order 
to eliminate overheating of the tube. The gun 
manufacturer however, must continually strive 
for long tube life under the most adverse con- 
ditions. 

One of the earlier, rather negative attempts .o 
prolong gun life was the use of a removable 
loose liner. This was an inner cylinder contain- 
ing a comnlete rifled bore, which was inserted 
into and locked inside the tube. The tube could 


be reconditioned by replacing the wom liner 
with a new one. This method tended to expedite 
the field repair of worn guns, but the added ex- 
pense of extra machining operations on both the 
liner and the gun tube was too high when com- 
pared with improved monobloc construction. 
Large built up guns over 6-inch caliber can be 
elined by shrinkage methods. This is an arsenal 
job. 

A fixed stellite liner (Figure A-12) for the 
cal. 50, M3, machine gun has recently been 
standardized. Liners of nicki! alloys are under 
consideration but are not as yet “wtisfactory. The 
added gun life achieved with the usc of the stel- 
lite liner in the cal. .50 machine gun results in 
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a unit cost increase from $9.00 for the old bar- 
rel to abou! $26.00 for the new one; however, 
the barrel lite under co ‘tinuous fire increases 
from 200 rounds to 4000 1:01. 4s. 

Another method, originallytused by the Navy 
and now used by the Army in its 90-mm high 
velocity tank gun, is chromium plating the gun 
tube. The thickness of the plating is approxi- 
mately .005 inches. Chrome plating of the cham- 
bers of 57-mm and 75-mm recoilless rifles to . 


depth of .01 inch is also being tried 

One other method of improving erosion re- 
sistance warrants a brief description: Induction 
heating of the lands and -rooves above ‘he criti- 
cal temperature, followed by either water or air 
quenching, has raised the Rockwell C hardness 
of the surface from 30 to 50. Such treatment 
however shrinks the bore diameter slightly 
(.001 inch in 75-mm gun), Studies on this are 
continuing. 
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- i i} ie 
g 3 
> 5 
= ~ a 
elo : = a 
oF 2 Oo 2 Ps % a 2, 
3 3 = 3 2 $ z o 2 i o& a 
> ~ & os be = s = ss | 3 3 
2 we. a 6,6 ds 2 ‘a a oe * - ¢ & 
3 & e132 | 3 s | s 8] 2) e)/ ele] sg 
ws i co Ss 
s/ a] 2)58|%) 6) 8 | 2) ae lapel fl é 
. : -” o — ‘ . ‘ 
WEAPON: Caliber, Type, and 3 a $s | | 3 & Ss FE RB sl aia] & 
Carriage Model = = b= 4 Re & & = = res) = 
ome | | | | -—— ai es 
t 
75-MM How, MIAI, Cerriage M8 1270 | 9620 | MiA1 ; 593 | 20,000 | HSW |CPM13| MiAd 
es ae es ed 5 aes ceed desea 
| 
105-MM How, M2A2, Carriage M2A2 1550 | 12,205 | M2A2 | 101.3 | 20,600 | HSW |CPM13| M2A1 

































105-MM How, T96E1, MTR Carriage M52 | 1556 | 12,205 | T96E1 99.8 | 20,000 | VSW SIP | T77E1 
























149.2 

















155-MM How, MIAI, Carriage M1A2 1850 | 16,355 | MIA: 


13,000 | STIS | PHM1| M6 























Est. T95 
15,000 | STIS ; T108 | M&s0 








185-MM How, M45, MTR Carriage M44 1850 | 16,355 | M45 | 156.6 




































25,715 M2 | 277.3 


1800 | STIS | PHM1 | M3Al1 


155-MM Gun, M2, Carriage M1 2800 | 


{ 
























ELEC 
1800 | STIS | INER 








155-MM Gun, T80, MTR Carriage M53 2800 | 25,715 | T80 | 291.7 

















—-— —— ——_—_—. 








&Inch How, M2, Carriage M1 1950 | 18,510 M2 | 202.5 | 5600 | STIS | PHMI1 M4 
[——$ $$ | 
























= 


























$-Inch How, 189, MTR Carriage M55 1950 | 18,510 | TS | 216.7 | 6000 | STIS | ELEC 








STIS | PHM1| M8 | HPC | 60 | 60 | 1400 | +267 

I a de ee 
PH | T80 P32| 42 | 700 

280-MM Gun, T131, Carriage T72 T131 | 5125 | NA Ts: | HP | 840 | 95 | 990 q 













4.5-Inch Multiple RL, M21 


57-MM Rifle, Recoilless, M18 





75-MM Rifle, Recoilless, M20 


105-MM Rifle, Recoilless, M27 





106-MM Rifle, Recoilless, M40 


* Key and footnotes to this table ere on p. B-3/B-4 














TABLE B-1 


COMPARATIVE CHART FOR FIELD ARTILLERY AND RECO!LLESS WEAPON SYSTEMS* 
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TEMS* 
Ty 7] 
| 3 & | 
3 | & = | 3 
~ 2 = oo o eS a 
a a e S Pf = g at 3 
2| 3 | ¢ a ee ee é 
= 5 a & % > e & ro 2 = 
; & a 0 i e # h a g ° 3 
5 £ ° a! 3 m i m 2 os = 3 
8 5 g = £ ale: z pi ee , 3 
R a oo fy Es be = ey 2 x 5 =| | > 
3 % FE ~ » € = 3 & 3 ‘2 Z, a = £ 
& A az Es zo: 8 = ms | & s & | & fa B 
Par Hi, WP 
M3Al | MI3 1440} 1440 | 126 | 50 33 | 6 | $Ton | C20 | 6110/9319 | HUAT 
ns | 24-Ton | 
yo | M21A1| Mig | M4A1 } 4980! 4980, 238 | 84 60 3 4 MS | c2z1 | 675 | 9325 | HE, 
el has [eres aces. ean ear | Pe (nent faeces Ber eet HEAT 
WP, ILL, 
| CHEM, 
! 179 M1 | 54,100 | 54,100 | 226 | 126 33) 1 4 C86 | 677 | ¢-717A| HEP 
ie Ms | 
IC | M25 | M34 M1 | 12,700 | 12,700 | 288 | 96 71 5 | 38 | &Ton} C39 | &81 | 9331 | 
nae | aie Rpeica Cat ects Scan Srgumeee oe emer paoaeaines, | HE, WP, 
| LL, 
; | CHEM 
Et 190 M34 M1 | 62,500 | 62,500 | 240 | 128 122 1 | 3 | p63 | sg9z | 3-7004 
L MI2 | | M4 | | 
ic | Mi8At [M19 M38! Mi | 27,700 | 30,100 | 442 | 989 | '07 | 3-6hr 2 | 74-Ton! Dud | 690 | 9-350 HE, Ad we SL 
os | aa RE, AP 
| | we TLL 
179E2 ' M1 | 96,000 | 96,006 | 379 | 140 140 piv), BS 3 Da | 6 | 97212 | CHEM 
b Mi | | | M4 
>| MI8Al | 35-36, M1 | 29,700 | 32,000 | 432 | 98.9 | 108 | 4-6hr | 1 | 7}-Ton| D290 | 691 | 9335 | HE 
i asia ae ae pesca | | Rac ie see | ee 
179E2 | M33 M1 | 96,000 | 96,000 | 325 | 140 140 | 1 ib p49 | 6 | 972290 | HE 
| 439 | 118 84 | | | 
©} M30 | M2235) Mi | 98,220 | 64,700 | C429 | 118 | 1288 | 1-6hr | 1 Me | D3 | 695 | 9341 | HE 
- i aie ina? onan oral Jena) TE 
M30 | M?2-35 | M1 | 166,638 | 94,000 | 1010 | 124 146 12) 4 TIO | D57 | 696 | 93381] ATOM 
| a i. ie P | 656 HE, WP, 
M79 | M42 MI 650 | 645 | 13 | 15-20 A 8 | 23-92 | 9-2008 | CREM 
aa - LTon 
M42 M1 1520} 1530; 179 | 798 | oz | 58 25 | 24-Ton) C90 | 655 | 93036 | HE 
ares ae amet “5 t iid di aSF bgt tac: Woe i Sates pone Fe ee ae, a es seca cei. ~ ete sh a eh 
w/tri | | | | and | | HE, WP, 
M45 93.95 | 444 | 61.6 He ae Carry | © 73 | 2380 | 93062 | HEAT 
a a | wo /tri |---| ——- —--' —----— ! - | —--— . 
444 | 
HE, WP, 
| HeaT 
HE, HEP 
HEAT, WP 


































































































































































































TABLE 8-2 COMPARATIVE CHART FOR SMALL ARMS SYSTEMS 





















































































WEIGHT METHOD MAX. RATE |SUSTAINED| MAX. RANGE | MAX. EFFEC 
WEAPON WITHOUT OF OF FIRE RATE GF IN YARDS TIVE RN 
AMMUNITION| OPERATION FEED (rpm) FIRE (rpm) |((NEAREST 50) (yds) 
Pistol, Auto. 2.44 Short Recoil q-rd 21-28 10 1650 50 
Cal. .45 M1911A1 Semiautomatic Magazine 
Submachine Gun 8.7 Blowback | 30-rd | 450 40-60 i7S 19 
Cal. .45 M3A1 Automatic Magazine 
US. Carbine 5.53 Gas Operated 30-rd 750-775 40-60 2200 300 
Cal. .30 M2 Semiauto. & Auto. Magazine 
US. Rifle 9.5 Gas Operated 8rd Clip 16-24 16 3500 500 
Cal. .30 M1 Semiautomatic 
U.S. Rifle Cal. .30 12.31 Gas Operated | 8rd Clip 10-15 10 3500 800-1000 
MIC & MID (Snipers) Semiautomatic 
US. Rifle Cal. .30 12.34 Manual Manual 4 4 250 Point Target 7! 
M1 w/Rifie Grenade Single Shot ; 350 with M7 Area Target 36 
Lovncher M7 & Rifle cartridge 
Grenade M9AL 
Browning Auto R:?e 19.4 Gas Operated 20-rd 350-550 40-69 3500 500 
Cal. .20 M1918A2 Automatic Magazine 
Wvy. M.G. Cal. .30 94.22 (ad Recoil Belt, Metallic 450-600 125 8500 700 AA 
M1917Al Automatic Link 2000 Grd 
Lt, MG.Cal..30. | 328 Bi ‘Recoil Belt, Metallic | 400-550 60 3500 700 AA 
M1919A6 49.5 Tripod Automatic Lint 2000 Grd 
> eceineane Ss OR aS ee eat ee ta Pees wih te alee, i at 
Hvy. M.G. Cal. .50 128Ground | Recoil Semiauto. Belt, Metallic 400-600 40 7400 1000 AA 
HB, M2 on Grd Mt 860 Ring & Automatic Link 2000 Grd 
M3 168 Pedestal 
2.36-Inch Racket 15.87 Manuai Breech Load- 8% 4 700 Area Targeta 
Launcher M9AI Single Shot ing by Hand 700; Point 
| Targets 300 
2.36-Inch Rocket 10.3 Manual Breech Load- 8 4 700 Area Targets 
Launcher, M18 Single Sho? ing by Hand ; 700; Point 
Targets 300 
3.5-Inch Rocket 14.35 | Manual! | Area Targets 


Launcher, M20 


Single Shot 





(a) Radius of bursting area 


eS 


(b) Does not include weight of ring mount M32 
ic) Includes 7 pinta of water weighing 8.1 lb 
(d) Does not include ammunition belt, chest of ammunition. steam condensing device or water chest 







ing by Hand 





900; Point 
Targets 200 
































MS SYSTEMS 
RANGE | MAX, isFFEC- EFF. BURST- WT. COM- 
YARDS TIVE RN ING AREA PLETE RD 
tEST 50) (yds) (yds) | (Ibs) 
650 
75C wise : — a 
200 - ani ae “so 
BA LP hts n= Pe ees = iN lene a 
500 590 | 
500 800-1000 oe 
cess oe eee jagh ieee 
250 Point Target 75 10‘a) | Rifle Grenade 
vith M7 Area Target 365 


ridge 











\500 500 

1500 70 AA” 
2000 Gre 

500 700 AA : 
2000 Grd 

400 1000 AA 
2000 Grd 

700 Area Targets 
70@: Point 


Targets 300 


| M9AI 1.31 


Rkt WE MICA3 | Pkt WP MI0A3 
20%: Rkt HEAT | 3.4; Rkt HEAT 
M6A5: 15@ | M6A53-4 








700 Area Targets | Rkt WP MI0A3__ Rkt WP MIOA3 
700; Point 20%; Rkt HEAT | 3.4; Rkt HEAT 
Targets 300 M6AS: 15‘ ' M6A5 3.4 

800 Area Targets 20 Rkt Hic T 






900; Point 
Targets 200 









M28A1 9; Rkt 


Practice M20A1 4 


FIRE CAPABILITIES TEMPLATE 


280mm Gun 



































APPENDIX B 





KEY TO TABLE B-1 


IS — Interrupted Screw HS — Hydro Spring 

IL — Interrupted Lug MP — Mule Pack 

4SW — Horizontal omar | Wedge PAR -- Parachute 

VSW — Vertical Sliding Wedge 4-Ton — Jeen 

STIS — Stepped Thread Interrupted Screw 24-Ton — Truck 

ELEC — Electric M5 -—Tractor 

INER — Inertia M4 — ‘tractor 

PH -—— Percussion Hammer 73-Ton — Truck 

CP —- Contingeuus Pull T10 — Transporter 
sip Spring Actuated Inertia Puil 5-Ton — Truck 

HPC — Hydro Pneumstic Constant M6-38 — Ton High Speed Tractor 
CHSP -- Concentric Hydro Spring F — Fixed 

HPV -— Hydro Pneumatic Vuriable SF — Se:.ifixed 

HF  — Hydro Pneumatic SL — Separate Loading 


FOOTNOTES TO TABLE B-1 


(1) Standard (S); limited procurement (LP); sub-standard 
(SS); limited standard (LS); tesi '7* 


(2) Ranges listed are maximum youainable i.cm gun or howit- 
zer. Range for self-propelled or tank weapons is that 
which can be reached with vehicle on level terrain. Effec- 
tive maximum ranges can be obtained by comparison of 
probable errors. lianges of AA Weapons when using time 
uze or traccr fuze (shell destroying) are dependent on 
time of fuze functioning or tracer burnout. 

(3) Sliding wedge bree :hblock (SW); vertical sliding wedge 
breechblock (VWI); horizontal sliding wedg: breech- 
“tock (HSW); interrupted screw bieechblock (IS); in- 
terrupted lug (1I.); continuous pull firing mechanism 
(CP); solenoid ard inertia firing mechanism (SI); per- 
cussion hammer firing mechanism (PH); interrupted 
thread breechblock (1T). 

<4) Telescopes: Straight (S‘; panoramic (P); elbow (E). 

‘§) Cyclic: Fastest rate of fire that gun is mechanically ca- 
peed of develcping. 


axiraum: Rate of fire which can be obtained for short 
periods of time without changing barrels or resting the 





gun. 
Prolonged: Rate of fire possible without changirg barrels 
or resting the gun. 

(6) Dimensions given are those of weapon p-epa tor 
towing. 

(7) M2A2 carriage has respirator, larger shields, and screw- 
type traversing riechanism. 

(8) MIAI carriage has electric braxes replaced by air brakes; 
ae has rack and pinion jack replaced by screw type 
jack. 

(9° Limber is eyu'pped with combat type 11.08 x 20 tires 
inflated to 65 pounds pressure. 

(10) Includes weight of heavy carriage limber M5, 2200 
pounds. 

(11) Bartel and recoil mechanism carried on Transport Wagon 
MIAI, carricge on Transport Wagon M3Al. Gun em- 
placed with Truck Mounted Crane M2, or by winch on 
prime mov=r. 

M60: Truck-Tractor, 4-5 T, 4 x 4 


Barrei and recoil mechanism carried on Transport Wagon 
MZA1. carriage on Transport Wagon M3Al1. ; 
Howitzer emplaced with Truck Mounted Crane M2, or ¢ ; 

e 





id 
ww 
~ 


by winch on prime mover. 
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APFENDIX C 


NOTES O:W CURRENT GUIDED MISSILE SYSTEMS 


C-1 GENERAL 
This appendix outlines most of the guided mis- | The contents of this appendix will, of neces- 


sile systems that are presently operational cr are _ sity, be unclassified. The data listec in the table 
scheduled to become oy:rational in the future. | were obtained from unclassified publications. 


€-2 MISSILE DESIGNATIONS 


Often a missile is referred to by a scries of lar name. The most common coJes are expiained 
code letters and numbers, as well as by its popu- _— below. 


C-2.1 JOINT ARMY-NAVY-AIR FORCE Suffix N indicates Navy development. 
DOSIGNATIONS Suffix AF indicates Air Force development. 
BAM surface: torpir mists €-2.2 AIR FORCE DESIGNATIONS 


AAM- air-to-air missile 
ASM~—air-to-surface missile 
SSM-surtace-to-surface missile 

AUM. .air-to-underwater missile 

SU M-surface-to-underwater missile 

Prefix X indicates an experimental model. 


WS-—wespon system—This designation, fol- 
Icwed by a number, is used to identify contract P 
development prujects before they reach the op- i 
erationa! phase. 

TM-—tactical missile 
SM-—strategic missile 


Prefix Y indicates operational suitability test- IM—interceptor missile ] 
ing (Air Force), or service testing (Army). GAM-—guided aircraft missile 
Suffix A indicates Army development. GAR-guided aircraft rocket 

{ 

i 

i 

C1 : ;. 
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Ps Nin si esi Sg OTT 
"ed Te abest eis icy 2 








TR er am I 





CATEGORY | NAME 











SERV ‘CE; FACTURER 


TABLE C-1 


MANU- 








LENGTH 
(ft) 








GUIDED Mi 


WEIGHT | wag 











Navy 


Air-to-Air Genie 1 USAF Douglas - Aton 
Faleon | USAF Hughes . 6.5 oe 115 “HE 















































Sidewinder USAF Philco 9 HF 
Scastow Navy Beery ee ee 
AirtcSurface. | Rass | USAF | Bell | 35 | 13,000 | Atom 
“Bulipup | Navy | Martin | a | | 
| Petrel cn Navy i Farchid eas ey we 
Surface-to-Air Nike Ajax Army “ Diongles Te tire. 21 ae 1,0€0 3 Hi 
Nike Hercules Army F Dongiaa c 27 Pi aa Ato: 
“Bomare | USAF | Boeing | 46 | 15,000 | Atom 
Hawk ~ ‘Army Reytheon ? 16 whos HE 
aera see ae ea an A le ee cee [PR ae ee eee (ee 
Talos Army McDonnell 15 











Tartar Navy Convair 
| Terrier Navy Conva'r 
Surface-to-Surface ||: Atlas USAF Convair 








Titan 








USAF 





Martin 





“USAF 





--—-—— | 


15 | 
80 
100 






































Thor Dougla. | Ato 
Jupiter «| Army =| Chrydr =| 58 | ”:=«*Y:si At 
“Polaris Navy | Luckheed | 40-50 , | Aton 
Corporal Army | Firetone | 40 | 12,000 | 
~ Sergeant. - Army | Sparse Eis ee elie Baad: ibe 
“Pershing | Army | Martin | | | 
i Redstone | Ariny ut - Chrysler ; - 69 ~~ | Ato 
Suatk | USAF | Northrop | 748,000. | Aton 
Wee ‘| Army {| Martin =| 20 | | HRY 
Dart —*'| Army | UtiaBend = 5 | | HE 
“ Regulue “Navy | Chance-Vought | 38, 14,500 | Ato 
Triton __|_ New E McDonnell 5 fl i 20,000 Ato 
| Matador | USAF (| Martin] 40 | 18000. | Ato 
Honest John Army Douglas 27 ; 6,000 Aton 
“Little John | Army =| Douglas 2st sds 





spr —- solid propellant rocket 
Ipr -- liqu! propellant rocket 
tj — turbo-jei 

j —- ramjet 





r) ; 
SAGE ~ Semi-Automatic Ground Environment 











3,000 | HE 











GUIDED MISSILE SYSTEMS 


a eee ee 





TE 








TABLE C-i GUIDED MISSILE SYSTEMS 

























: : MANU- | LENG 5 ; | MAIN | 
SERVICE| pQ@ANUER | VENGTH) WEIGHT WARHEAD | GUIDANCE |gNGINE| MACH ae 


i : { 
ee ome 


REMARKS 











|e 


USAF Douglas | Atomic None | 

















USAF | Hughes | 65 | 5 | HE | Radar Infrared lepr | 2 5 | F-101, 102, 106 











Infrared tepr | 25 ; 5 | F-101, 102, 104, 106 


einen 





USAF | Philco 9 | | HE 





Navy | Sperry 9 280 «| «HE Radar fa | 8 5 











USAF | Bell 85 13,000 | Atomic | Inertial Command | 3 Ipr 15 90 | Carried on B-47, 52 











Navy Martin 4M 1 apr 1.8 3 


a | rs | ie 


Navy Fairchild : | | 4tj pn el Antisubmarine 

















Army | Douglas 21 . 1,000 i 5 HE Command 1 Ipr 2 20 











es | Army Dovglas 27 a Atomic, HE Command spr 3 7) 



































i} 
USAF | Boeing 46 15,00) | Atomic, HE | SAGE “gy 1) 38 200 
Army | Raytheon 16 ir, HE | Radar 1 apr 15 
Navy | 
Army McDonnell 15 $,v00 HE Radar 1 rj 4 


Navy Convair p HE Beam Rider 1 spr 








Navy Convair 15 HE Beam Rides | |spr 2.5 20 





PSRs, ee A | a A ee nS 











USAF Convair 80}: 180,690+ | Atomic | Inertial 3 Ipr 20 5500 ICBM 


USAF Martin 10) 








, 200,000 Atoinic ( Tnertia! 2 Ipr 20 5500 ICBM 


| 
1 











USAF Douglas | Atomic 1 Inertial 1 ipr 10 1500 IRBM 


—— 

: 

—_ we ae bie rats tse el ey ed 
i 

ace 














Army | Chrvsler 58 Atomic Tacriial, ‘Tipe | 10 1500 | IRBM 





ae ee : fe ctartos ete Guth eee ste a el Be ee ee ees ee eel Pe ee of =| 





Navy Lockheed ; 40-40 - Atomic Inertial ' spr | 10 1500 IRBM 


























ew eee en ry Pang ee Bee eae i) Seere er raes ee eee Lie Scare ge My PST epee De wit eed bete Be cutttees canes |e es ee eee 
L Army Firestone 40 12,000 Radio Jnertial | i lpx 3 75 
Army Sperry / | Inertial | lL spr | 75 | 
S A Reels wa wen pe en ee ef en ee [Set alte ee eee eee — 


Army Martin ' Inertial lepr i 








Army Chrysler 69 : Atomic Inertial 1 Ipr 250 First stuge of Jupiter-C' 














USAF Northrop 74 25,009 | Atomi: Celestia! Inertial 1 t) 0.9 5500 





' Ariny Martin 20 HR Command 1 spr 
esi | ac ahs es gta I tae eas Gath [a ce Vike Smet hth tore S hetebl athe Psa oe es le a, Se sabe, i ate a ae cour 
[ Army Utica-Bend 5 HE i Wire Optical lepr : Antitank 


























fo eee A eee we] me eee wee eee foe ee ee [ee ee 





Navy Chance- Vought 33 14,500 Atomic | Radio 1 tj 














L Navy | McDonnell 47 | 20,000 | Atomic | Inertial Ir | = 
huartin . 








Free Rocket 
Free Rocket 
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INDEX 


Accelerating torques, 2-3 
4ccelerumeter, linear, 4-3 
Airframe, 1-2 

Ambient fuzes, 12-3 


Ammunition, mortar 
(see *4uctar ammunition) 


Ammunition, recoilless rifle, 11-21 
cartridge case, 11-22 
prepelling charge, 11-22 
rotating band, 11-21 


Ammunition, small arms, 11-1 
componcnts, 11-3 
bullet, 11-6 
cartridge case, 11-4 
primer, 11-4 
propelling charge, 11-6 
grading, 11-9 
terminology, 11-3 


Amplifier circuit, fuze, 12-17 


Analog computers, 3-1 
comparison with digital, 3-8 
differential equation solution, 3-3 
operational amplifier, 3-1 
summing and integrating circ 3+, 3-9 
systems analysis solution, 10-5 
Antiaircraft gun recoil system, 7-9 
Antipersonnel mine, 11-36 
Antiiank mine, 11-36 
Armor piercing (AP) bomb, 11-25 
Artillery ammunition, 12-10 
components of round, 11-13 
cartridge case, 11-13 
primer, 11-18 
propelling charge, 11-14 
types, 11-11 
fixed ammunition, Li-11 
semifixed ammunition, I-11 


separated ammunition, 11-13 
separate loading ammunition, 11-32 


Autofrettage, 6-14 


-sutomatic weapons, 9-2 


Bangalore torpedoes, 11-39 
BAR, 9-6 


Base cover, 11-16 

Bell Telephone Laboratories, 3-1 
Binary system, 3-5 

Blowback, 9-9 


Bogies 
(see Gun mounts) 


Bombs, 11-22 
classification, 11-24 
armoi piercing (AP), 11-25 
chemical—gas and smoke, 11-27 
chemical—incendiary, }1-28 
depth, 11-26 
drill, 11-3u 
fragmentation, 11-26 
general purpose (GP), 11-25 
light case (LC), 11-25 
photoflash, 11-29 
practice, 11-50 
semi-armor piercing (SAP), 11-26 
target identification (TI), 11-36 
cluster adapters, 11-30 
design and manufacture, 11-23 
arming wire assenbly, 11-23 
fins, 11.25 
fuzes, 11-24 
fuzes, 12-14 
warheads, 11-30 


Booby traps, 11-35 

Booster M23 A4, fuze, 12-10 
Bore evacuator, 5-6 

Bores, tapered, A-10 
Bovrrelet, 11-16 
Breechblocks, 5-3 

Breech: mechanisms: 9-7 
Brewn Bess, }1-1 

Browning automatic rifle, 9-6 


Built-up guns, 6-8 
calculations, 6-9 
problems, 6-11 

Bullets, 11-6 
armor piercing, 11-7 
incendiary, (1-7 
tracer, i1-9 


Caliber, 5-2 
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Canisters, 11-18 
Cannelure, 11-4 


Carbine, 9-4 


Carsiages, weapon 
(see Gun carriages ) 


Cartridge, 11-2 
centerfire, 11-8 


Cartridge case, artillery ammunition, 11-13 
recoilless rifle ammunition, 11-22 


Centrifugal casting, A-2 
Chassepot, 11-1 


Chemical bombs, 11-7 
fuzes, 12-2 
hand grenades, 11-33 
rifle grenades, 11-34 


Circuit, fuze amplifier, 12-17 
fuze firing, 12-17 
integrating, 3-2 
summing, 5-2 


Closed loop controi, 2-1 
Cluster adapters; bomb, 11-30 


Computer, analog 
(see Analog computers} 
digital, 3-5 
‘omparison with analog, 3-8 
ciexronic, 3-1 
guidance, 4-5 
programming of, 3-6 
Concentric recoil mechanism, 7-12 


Control, error-rate, 2-7 
integral, 2-7 
Control systems, 2-1 
analysis, 2-2 
closed loop, 2-1 
response, 2-5 
derivative feedback, 2-5 
erro’-rate control, 2-7 
integral control, 2-7 
ramp input, 2-4 
step input, 2-3 
servomechanisms, 2-2 


Coriolis acceleration, 4-5 
Corrosion in small arms, 9-11 
Counterrecoil buffer, 7-11 
Counrerrecoi) devices, 7-10 


Cradle 
{see Gun mounts } 
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Cylinders, stress ia 
(see Stress in cylinders ) 


Cylinders, thin walled, 6-14 


Dart missile, 8-4 
DeBange obturator, 5-5 
Decelerating torques, 2-3 
Delay fuze, 12-2 
Demolitions, 11-39 

Depth bombs, 11-26 
Differential equation, 3-3 


Digital computer, 3-5 
comparison with analog, 3-8 


Doppler frequency, 12-14 
D<ill bombs, 11-30 


EDA circuit, 3-1 
Electrica! sefety devices, 12-17 
Electronic computers, 3-1 
Equalizers 

(see Gun mounts), 8-3 
Equilibrators, 8-3 

(see also Gun mounts) 





Equivalent unidirectional siress, 6-18 ; 


Exosion in gun tubes, A-11 : 
in small arms, 9-11 


Explosive rifle grenades, 11-34 5 


Feedhack, 2-5 
Fire capabilities template, B-4 
Firing circuit, fuze, 12-17 
Firing mechanisras, 9-7 
Fixed emmunition, L1-11 
Flares, 11-41 m 
Flintlock musket, 3-1 
Forces on gun carriage 
(see Gum carriage stresses ) 
Fragmentaiion bomb, 11-26 , 
grenade, 11-32 


French 75, 7-1 d 

Fuzes, 12-1 
boosters, 12.10 
classification, 12-1 
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Fuzes, classification (cont) 


ambient, 12-3 
bomb, 11-24 
chernical, 12-2 
guided missile, 12-20 
radio proximity, 12-13 
VT, 12-14 
design, 12.3 
examples, 12-8 
electrical safety devices, 12-17 
operation, 12-14 
amplifier circuit, 12-17 
external pheomena, 12-14 
firing circuit, 12-17 
general behavior, 12-19 
internal action, 12-16 
radio frequency section, 12-16 
safety features, 12-4 


Gang broach, A-7 

Gas bomb, 11-27 

Gatling gun, 9-3 

General purpose (GP) bomb, 11-25 


Grenades, 11-32 
hard grenades, 11-32 
chemical, 11-33 
fragmentation, 11-32 
offensive, 11-3% 
practice, 11-34 
rifle grenades, 11-34 


Ground flares, 11-41 
Guidance computer, 4-5 


Guidance, inertial 
(see Inertial navigation) 


Guidance system, 1-2 
Guided missile, C-3 
Guided missile fuzes, 12-20 
Guided missile systems, C-1 


Gun carriage stresses, 8-6 
forces of recoil, 8-7 
forces on cradle, 8-8 
forces on bottom carriage, 8-9 
forces on top carriage, 8-9 
forces on trail, 8-9 


Gun components, 5-2 
bore evacuator, 5-6 
breeck mechanisms, 5-3 
interrupted-screw, 5-4 


sliding-wedge, 5-4 
recoil systems 

(see Recoil systems) 
safety devices, 5-7 


Gun mounts, 8-1 
Gunpowder, 5-1 


Guns, 5-2 
built-up, 6-8 
Gun tubes, 5-1] 
cold-worked, 6-12 
stresses in, 6-13 
construction, A-1 
assembly, A-2 
boring, A-5 
centrifugal casting, A-2 
honing, A-6 
hvop shrinkage, A-4 
piercing, A-3 
rifling methods, A-7 
shaping, A-1 
erosion problems, A-11 
obturation, 5-5 
rifling, 5-7, A-7 
tapered bore, A-10 
Gyro drift, 4-7 


Gyroscope, integrating, 4-1 

Hand grenades, 11-32 
chemical, 11-33 
fragmentation, 11-32 


offensive, 11-33 
practice, 11-34 


Hand weapons, 9-4 

Hooke’s law, 6-2 

Hoop shrinkage, gun tube, A-4 
Horizontal breechblock, 5-4 


Howitzer, 5-2 
105-mm M2, 8-6 
recoil mechanism, 7-9 


Hydrostatic fuzes, 12-2 


Illuminating shell, 11-18 
Impact fuzes, 12-2 


Incendiary bombs, 11-28 
bullets, 11-7 


Inertial guidance plane, 4-6 


Inertial navigation, 4-1 
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Inertial na:igation (cont) 


guidance computer, 4-5 
integrating gyroscope, 4-1 
linear accelerometer, 4-3 
Schuler period, 4-7 


Input, 2-2 
Integrating circuits, 3-2 


LeDuc equation (projectile velocity), 7-2 
Light case (LC) bombs, 11-25 

Linear accelerometez, 4-3 

Longbow, 9-1 


Lubiication of small arms, 9-12 


Machine guns, 9-4 
Mines, 1}-35 

Missile fuzes, ?2-20 
Missile launchers, 8-1 


Missile launching techniques, 8-3 
rail launch, 8-5 
vertical launch, 8-5 
zero-length launch, 8-5 


Mortars, 5-2 
ammunition, 11-20 


Muzzle brakes, 7-3. 
double-baffle, 7.35 
Napalm bomb, 11-29 
Navigation, inertial 
(see Inertial navigation ) 
Obturation, 5-5 
Offensive grenades, 11-23 
Ogive, 11-7, 11-15 
Output, 2-9 


Purachute trip flare, 11-41 
Parco Lubrite, 9-11 
Parkerizing, 9-11 
Penetzate, 9-11 
Photoelectric cells, 12-13 


Piercing. gun tube, A-3 
Piezoelectric fuzes, 12-2 
Poisson's ratio, 6-2 


Practice bombs, 11-30 
grenaces, 11-34 


Primacord demolition, 11-39 
Primers, 11-6 

artillery ammunition, 11-13 

electric, 11-14 

percussion, 11-13 

small arms ammunition, 11-4 
Program for computers, 3-6 
Projectiles, 11-15 

twist of, 5-9 

types, 11-17 

velocity equation, 7-2 

velocity of rotation, 5-8 
Px ypelling charge, artillery ammunition, 11-14 

y-soilless rifle ammunition, 11-22 


Propalsion sysiemn, 1-2 
Proximity fuzes, 12-2 
Pyrovechnics, 11-40 


Radio frequency section, fuze, 12-16 
Radio proxitnity fuze, 12-18 
Rail-type miissile launcher, 8-4 
Ramp function, z 4 


Ramp input, 2-4 
response, 2-6 


Receivers, 9-5 


Recoil, 7-1 
in small arms, 9-10 
resistance to, 7-6 
retarded, 7-4 
total resistance to, 7-14 


Re coi'less rifles, 9-12 
ammunition 
(see Ammunition, recoilless rifle) 
comparison with other weapons, 9-17 
acceleration, 9-17 
acurracy, 9-18 
blast, 9-18 
weight, 9-17 
maintenance, 9-16 
principle of operation, 9-13 
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Recoil mechanisms, 7-8 ( 


Photoflash bombs, 11-29 
1-4 


| 
| 
) 


ae ee neem oe Ba nae ee ae rag aR a 


<M amet ewminy Soir RL REIMER nae eA Ta 











Shotgun, 9-4 
Shoulder weapons, 9-4 


Recoil mechanisms (cont) 


antiaircraft gun, 7-9 
concentric, 7-12 
counterrecoil buffer, 7-11 
howitzer, 7-9 Sleigh 

| special devices, 7-14 (see Gun mounts) 
t variable length, 7-10 





Sights, smail arms, 9-8 


Smal] arms, 9-2 
ammunition 


Recoil systems, 7-1 

components, 7-8 
counterrecoil buffer, 7-11 
counterrecoil mechanism, 7-10 
muzzle brakes, 7-13 
recoil brake, 7-8 

special devices, 7-14 

theory, 7-1 
mobile carriage stability, 7-4 
resistance to recoil, 7-14 
retarded recoil, 7-4 
velocity of recoil, 7-1 


(see also Ammunition ) 
classification, 9-3 
components, 9-5 

barrel, 9-6 

breech mechanism, 9-6 

firing mechanisz., 9-7 

receiver, 9-5 
developments, 9-9 

corrosion, 9-11 

heat and erosion, 9-11 

iubrication, 9-12 

production, 9-12 





Retarded recoil, 7-4 recoil, 9-10 
f velocity versus time, 7-5 strength, 9-11 
i Ricochet, 12-10 = cycle, ae 
+ s of operation, ¢- i 
; Rifles, 9-4 ed ies 
t - Pee Sinoke bombs, 11-27 
! ae ae Spin axis, gyroscope, 4-3 
eo ifling, 5- ; 
gang broach, A-8 Steady-state solution, 2-7 
rifling button, A-9 Steilite liner, A-11 
Rimfire cartridge, 11-3 Step function responie, 2-3 
Ring-type VT fuze, 12-15 Step input, 2-3 
respons, 2-4 


Stress in cylinders, 8-1 
caleuiations, 6-6 
effect of overstrain, 6-12 
equivalent unidirectional stress, 6-8, 6-18 
from rotation, 6-16 


Hotational stresses, 6-16 


[ Rockwell! hardness, A-12 
i Rotor, fuze, 12-6 
} 


va Schuler period, 4-7 from setback, 6-16 

t . Stat in-action stress, 6-1] 

Semi-armer piercing (SAP) bombs, 11-26 Polseng ratio, 6-2 

7 Semifixed ammunition, 11-11 theory, 6-2 

: Semple centrifugal plunger, 12-5 Stress in rotating projectile, 6-15 

‘ eee equivalent unidirectional stress, 6-18 
i Separated ammunition, 11.13 rotational, 6-16 

setback, 8-16 


Separate loading ammunition, 11-12 
Submachine gun, 94 


Superquick fuze, 12-2 


Systems analysis, 10-1 
analog computer olution, 10-5 


Systems engineering, 1-1 


Servomechanisms, 2-2 
Setback in fuzes, 12-3 
Setback stresses, 0-16 
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Systems engineering (cont) 


con'Toi systems 
(see Control systems ) 
military requirements, 1-2 


Tapered-bore guns, A-10 
Target identification bombs, 11-80 
Telescope mount, B-] 
Thyvatron, 12-17 

Vis. fiver, 124 

Torques, 2-5 

Total resista.c2 to recoil, 7-14 
Tracer bullets, 11-9 

Tr verse, Bel 

‘frip flares, 11-41 

Twist of projectile, 5-9 


Variable length recoil device, 7-10 


Velocity, retarded recoil, 7-5 
Velocity of rotation, projectile, 5-8 
Vertical breechblock, 5-4 
Vertical missile launcher, 8-5 
VT fuze, 12-14 


Warheads, 1-2, 11-1 
(#¢ aiso Ammunition) 
surnn, 1]-80 
at ls ruzes, 12-20 


‘eapons, automatic 
(see Automatic weapors } 


Welin breechblock, 5-4 
Whitworth gun, 11-10 
Winchester 73, 9-2 


Zero-length missile launcher, 8-4 
Zundnadelgewehr, 11-1 
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Solid Propellants, Part Two (U) 
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